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Recent advances in information technologies and subsequent explosive growth of
computer software use in practically all aspects of everyday life provide tremendous
opportunities and benefits for improving people’s lives. However, significant proportion
of software projects represents cancelled, abandoned or otherwise failed projects. This
situation exists not only in commercial software products or government information
systems, but also in an increasingly popular and important domain of free/libre and open
source software (FLOSS).
The problem of failures in software development projects requires identification
and understanding of the factors of success and their interrelationships. Practice and
previous research suggest that governance of software development projects plays crucial
role in their success. Increasing adoption and sponsorship of FLOSS by commercial firms
and government organizations present additional challenges; such sponsorship may also
interact with governance in FLOSS projects and play a role in determining their success.
This dissertation focused on analyzing the role and significance of governance
and organizational sponsorship in the success of FLOSS development. This study used
both conceptual analysis and empirical methods. The conceptual analysis phase, a
preliminary study based on the review of existing literature, produced a partial model of
success in FLOSS development. This model was verified in an empirical phase, which
statistically analyzed data from multiple FLOSS repositories and other public sources.
The statistical analysis was based on structural equation modeling (SEM) approach.
Results of this study did not confirm hypothesized effects of the main two factors
(governance and organizational sponsorship) on FLOSS success, but confirmed a positive
effect of project maturity on the success. The likely reason of the lack of support for the
main factors is unavailability of sufficient and correct data for proper operationalization.
This and other uncovered issues are planned to be addressed in the future research on the
topic, for which this dissertation formed a solid conceptual and data analysis framework.
Keywords: information systems success, software development, free/libre and
open source software, FLOSS, success factors, governance, organizational sponsorship
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Chapter 1
Introduction
Background
In recent years computer software has become so integrated into our society that it
is now impossible to imagine the life without it. Software is everywhere: from Internet
browsers in people’s personal computers to databases in large corporations, from medical
devices to banking systems, from cars, ships and airplanes to multi-state energy grids.
The life of any software starts from its development, namely, from the development
project. While historically the progress of software development can be considered as a
great success, software development projects often fail. It is estimated that from 5 to 20
percent of initiated software projects will be abandoned or otherwise fail (Charette,
2005). There are many reasons leading to the failure of a software project (Kappelman,
McKeeman, & Zhang, 2006), and many of them remain unknown (Keil, 1995; Wallace,
Keil, & Rai, 2004). Thus, studying and understanding factors of success in software
development is an extremely important topic.
Recently free/libre and open source software (FLOSS) has become increasingly
popular (Feller, Fitzgerald, Hissam & Lakhani, 2005). Many well-known software
projects, such as GNU/Linux and FreeBSD operating systems, Apache web server,
PostgreSQL and MySQL database management systems, OpenOffice application
productivity suite, JBoss application server, as well as PHP programming language, have
been extremely successful (Senyard & Michlmayr, 2004). These projects emerged as
popular alternatives to commercial software. Nevertheless, there are many FLOSS
projects, which may be considered failures (Senyard & Michlmayr). The solution for this
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problem requires identification and understanding of the factors of success and
relationships between them. The need for assessment and improvement of FLOSS
(Senyard & Michlmayr) as well as the importance of FLOSS development model for the
improvement of software engineering (Raymond, 1998, 1999; O’Reilly, 1999, 2005) has
led to a significant research interest (Androutsellis-Theotokis, Spinellis, Kechagia &
Gousios, 2011; Chen, 2007). This interest generated a substantial amount of theoretical
and empirical research studies, dedicated to the FLOSS phenomenon (Crowston,
Howison & Annabi, 2006a; Scacchi, 2007). While there is a consensus among
researchers on the need to study success factors in FLOSS development, only a few
exploratory studies have been conducted in this area.
Review of literature identifies governance as an area of significant interest in the
FLOSS research community (de Laat, 2007; Capra, Francalanci, & Merlo, 2008;
Lattemann & Stieglitz, 2005; Markus, 2007; O’Mahony, 2007; O’Mahony & West, 2005;
von Krogh & von Hippel, 2006). Researchers emphasize special need to explore the
relationship between FLOSS governance and FLOSS project success (Markus, 2007).
Extensive adoption of FLOSS by commercial firms and incorporation of FLOSS into
their business models also sparked an increasing research interest in investigating the role
of organizational sponsorship (hereafter also referred to simply as sponsorship) in
FLOSS development and its success (Capra, Francalanci, Merlo, & Rossi Lamastra,
2009; Jullien & Zimmermann, 2009; O’Mahony & West, 2005; Santos, 2008; Stewart,
Ammeter, & Maruping, 2006; West & O’Mahony, 2008). Despite the existence of some
research related to this dissertation study, the literature indicates some insufficiency in
breadth and depth of the existing research.
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Problem Statement, Dissertation Goals and Research Questions
This study investigated the role and significance of governance and sponsorship
in the success of FLOSS development. Hereafter ‘FLOSS development’ refers to the
development process of FLOSS projects.
The main goal of this dissertation study was to empirically investigate the role
and significance of governance and sponsorship in success of FLOSS development. The
two specific goals of this research study are:
1. Determine the role and significance of governance and sponsorship in the
success of FLOSS development.
2. Determine the validity of the proposed model of FLOSS success.
Thus, the main research question (RQ) that this study addressed is: What is the
role and significance of governance and sponsorship in the success of FLOSS
development?
The specific research questions that this study addressed are:
RQ1. What is the role and significance of governance and sponsorship in the
success of FLOSS development?
RQ2. How valid is the proposed model of FLOSS success?

Relevance and Significance
The need for this dissertation study is demonstrated by the work of DeLone and
McLean (2003), Crowston et al. (2006a), Markus (2007), O’Mahony (2007), Capra et al.
(2009) and Stewart et al. (2006), among the other researchers. This study mainly builds
on previous research by the above-mentioned authors. The model of IS success, proposed
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by DeLone and McLean (D&M), is one of the most frequently cited and adopted IS
success models. The DeLone and McLean (2003) model has been effectively applied to
emerging areas such as e-commerce applications (DeLone and McLean, 2004). Since the
D&M model represents a general approach to defining and assessing IS success, it needs
to be adapted to fit to a specific context (Crowston et al., 2006a). This study adapts the
D&M model to fit the FLOSS context in order to develop operational definitions for
FLOSS success measures, following the D&M’s recommendation:
“For each research endeavor, the selection of IS success dimensions and measures
should be contingent on the objectives and context of the empirical investigation,
but, where possible, tested and proven measures should be used” (2003, p. 27).
Scacchi (2007) explored FLOSS work practices, development processes, project
and community dynamics, and other socio-technical relationships. Based on the review of
selected empirical studies of FLOSS projects, he identified and classified categories of
socio-technical resources as potential success factors of FLOSS development. Presented
dissertation study extends this work (Scacchi) by identifying relevant factors and their
relationships as well as integrating these factors into a model of FLOSS success. This
model can be considered as a step toward a comprehensive theory of free and open
source software development (FOSSD), on the need of which Scacchi notes:
“… there is a sufficient universe of diverse FOSSD projects to investigate,
analyze, and compare in the course of moving towards an articulate and
empirically grounded theory or model of FOSSD” (2007, p. 248).
Barriers and Issues
General issues. The complexity and multidimensional nature of the IS success
concept present many challenges to the researchers (DeLone & McLean, 1992, 2003).
One of the main problems in the research area of IS success is the inconsistency in the
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use of the term “IS success” (DeLone & McLean, 1992; Ortiz de Guinea et al., 2005; Pitt,
Watson & Kavan, 1995; Seddon et al., 1998, 1999).
Selection and validity of measures. Crowston et al. (2006a) note that, as measures
of FLOSS success move further back in the process model, they appear increasingly
detached from the user and, thus, may create a concern about their validity as measures of
success. For example, a project may attract developers but not users, or it may develop
high quality processes but not high quality code. The authors (2006a) argue that this
should not really be considered a concern. According to Crowston et al., using a variety
of measures will not only provide a richer picture of the status of a project, but also
reduce measurement problems due to measuring success from different perspectives.
Data collection. Data collection represents another important issue in FLOSS
research. At first it appears that information about FLOSS projects is abundant and
readily available. For example, as of January 31, 2012 the SourceForge website had
324,000 registered FOSSD projects and 3.4 million registered users. However, the lack of
public access to the SourceForge databases creates a problem. This problem can be
solved by creating a Web spider to download and parse SourceForge project pages, as
demonstrated by Crowston et al. (2006a). Another approach is to use data already
collected by FLOSS researchers and made available for reuse. This includes several
options, which are discussed in chapter “Methodology” further in this document.
The quality of the collected data for some projects also represents a potential
problem. The sources of incorrect data include redundancy due to multiple defect
tracking and other systems, inability to interpret information in a foreign (to a researcher)
language, and data processing errors (Crowston et al., 2006a). This problem can be
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solved by the process of data cleaning, where incorrect data are being eliminated from the
analysis.
Selection of projects. Another potential problem is related to building a sample of
projects to study. There is a risk of selecting mostly (or only) successful projects by
selecting on the basis of team size and process features, such as use of the SourceForge
trackers. This could result in the sample not having sufficient variance on success, thus,
affecting potential correlations between factors. To address this concern, Crowston et al.
(2006a) recommend that FLOSS research should make a special effort to collect data on a
broader range of projects, including some that seem clearly to be unsuccessful. They say:
“there is a real need for detailed research on failed FLOSS projects” (2006, p. 30).
Adjustments for market size. According to Crowston et al. (2006a), the use of
FLOSS popularity measures (such as total number of downloads) unadjusted for potential
“market size” represents “the standard but inadequate practice”. Following their
recommendations, this study attempted to overcome this problem by calculating the
relative growth instead of the absolute one as well as by creating a classification of
competing projects, where absolute and relative download numbers could be considered
as a measure of software use.

Assumptions, Limitations and Delimitations
Assumptions are elements of research that the researcher has no control over and
are accepted as unverifiable true statements in the context of a research study. Generally,
assumptions can also be viewed as limitations of a particular study. This study was
performed under the following assumptions.
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FLOSS development is different from traditional IS development in various
aspects, such as projects’ organizational structure, governance, working practices,
development models, community participation, knowledge management, intellectual
property (IP) and licensing. However, fundamentally, FLOSS development is similar to
software development for traditional (organizational) information systems, therefore, to
some extent, IS theories, models, constructs and measures are applicable to FLOSS
projects as well.
Limitations are characteristics (factors) of a research study that are out of the
researcher’s control. They may affect the results of study and their interpretation, and,
ultimately, the internal and external validity of the study. Limitations in this dissertation
study include:
1. The methodology for review of literature is not as formalized as in some
focused literature surveys (e.g., Crowston, Wei, Howison & Wiggins, 2012) in terms of
literature search strategy, criteria for inclusion (sampling bias), presence of quantitative
review, independent coding (coders) for classification and other aspects.
2. The FLOSS repository that was used in the presented study (FLOSSmole;
http://flossmole.org) introduces some research limitations, such as lack of evolutionary
project information and its dependence on public interfaces of FLOSS project hosting
websites (also known as forges) and, thus, their potential changes (Herraiz, Robles &
Gonzalez-Barahona, 2009). In order to prevent possible issues due to this limitation, this
study used manual verification of the FLOSSmole project information.
Delimitations are the factors, over which the researcher has control, and
consciously makes inclusionary and exclusionary decisions about in order to define the
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scope of the study. Thus, delimitations represent controllable self-imposed limitations.
Delimitations in this dissertation study include:
1. The scope of this study was limited to investigating two potential factors of
success, thus the proposed model of FLOSS success is partial and not comprehensive.
2. Measures for assessing potential factors of FLOSS success (governance and
sponsorship) were selected based out of convenience, and as such allow for estimation
with a certain degree of accuracy.
3. The selection of projects for the research sample required development of
certain criteria in order to ensure a broad representation of FLOSS projects, including
ones that are failed, abandoned or otherwise unsuccessful (Crowston et al., 2006a).

Definition of Terms
Autonomous Open Source Community
“[A community] that is presently independent of any one firm and community
managed”. (West & O’Mahony, 2008, p. 148).
Community
“A community is an organizational form for economic value creation that is
characterized by voluntary membership, high autonomy, and whose members
receive little or no extrinsic rewards”. (Watson et al., 2005, p. 126).
Confirmatory Factor Analysis (CFA)
“… a structural equation modeling method for assessing the relationships among
one or more sets of measures and their respective hypothesized latent factors”.
(Harlow, 2014, p. 283).

9
Defect Density
Metric of software quality, represented by the number of total known defects
detected during a defined period normalized to a size of the software entity.
‘Period’ might be time duration or a phase of SDLC. ‘Size’ might be measured in
lines of source code or function points. Usually defect density is measured in
defects per thousand lines of code (KLOC). (McConnel, 1997).
Ecosystem
“A system of people, practices, values, and technologies in a particular local
environment” (Nardi & O'Day, 1999, p. 49).
Free Software
Software that gives its users specific freedoms, in particular: to run, copy,
distribute, study, change and improve the software. Access to the source code is
an essential precondition. (FSF, 2012)
Governance
“Governance is the exercise of control and direction over a subject such as a
society, an organization, processes, or artifacts, by using laws and policies that are
defined, deployed, and executed” (Dubinsky, Yaeli, Feldman, Zarpas &
Nechushtai, 2009, p. 266).
Governance of Software Development Project
“The complex process that is responsible for the control of project scope,
progress, and continuous commitment of developers” (Capra et al, 2008, p. 767).
Governance of Open Source Software (OSS)
“The means of achieving the direction, control, and coordination of wholly or
partially autonomous individuals and organizations on behalf of an OSS
development project to which they jointly contribute” (Markus, 2007, p. 152).
Ideology
“Shared, relatively coherently interrelated sets of emotionally charged beliefs,
values, and norms that bind some people together and help them make sense of
their worlds.” (Trice & Beyer, 1993, p. 33).
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Individual Impact
“The influence which the information product has on management decisions”
(DeLone & McLean, 1992, p. 62).
Information Quality
“Desired characteristics of the information product, such as accuracy,
meaningfulness, and timeliness.” (DeLone & McLean, 1992, p. 62).
“The degree to which information produced has the attributes of content,
accuracy, and format required by the user.” (Rai, Lang & Welker, 2002, p. 57).
Information System (IS)
“The “Information system” of interest is either some aspect of an application of
information technology (IT), one individual application, a group of applications
(including those of an entire organization), or an application of one type of IT”
(Seddon, 1997, p. 246).
Information Use
“The interaction of the information product with its recipients, the users and/or
decision makers” (DeLone & McLean, 1992, p. 62).
“Recipient consumption of the output of an information system” (DeLone &
McLean, 1992, p. 66)
Intention to Use
“The degree of evaluative effect that an individual associates with using the target
system in his or her job” (Davis, 1986).
The extent to which a person intends to use a particular information system.
Net Benefits
All IS impact measures (individual, organizational and others) grouped into a
single category (DeLone & McLean, 2003).
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Open Source
Open source is a development method for software that harnesses the power of
distributed peer review and transparency of process. The promise of open source
is better quality, higher reliability, more flexibility, lower cost, and an end to
predatory vendor lock-in.
Open Source Software
Refers to the software, which source code is available, and its distribution terms
comply with specific criteria as specified by The Open Source Initiative (2012).
See Open Source Initiative (www.opensource.org) for a precise definition.
Open Source Software (OSS) Governance
See Governance of Open Source Software (OSS) definition above.
Organizational Impact
“The effect of the information product on organizational performance” (DeLone
& McLean, 1992, p. 62).
Organizational Socialization
“Process by which an individual comes to appreciate the values, abilities,
expected behaviors, and social knowledge essential for assuming an
organizational role and for participating as an organizational member” (Louis,
1980, pp. 229-230).
Organizational Sponsorship [in FLOSS]
“A publicly displayed affiliation between an OSS project and an organization”
(Stewart et al., 2006, p. 128).
Perceived Usefulness
“The degree to which a person believes that using a particular system would
enhance his or her job performance” (Davis, 1989, p. 320).
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Service Quality
“Perceived service quality can be divided into two sub-processes: technical
performance and functional performance. Typically, technical performance is
evaluated based on an assessment of whether the actual service product meets
both service specifications and customer needs/expectations. Functional
performance corresponds with the expressive performance of the service and is
related to service provider/customer interaction.” (Kettinger & Lee, 1994, p. 743).
Socialization [in FLOSS]
“Strategies and processes through which new members join an existing FLOSS
development community”. (Crowston et al., 2012, p. 7:17).
Socialization [in Social Sciences]
“The process through which individuals internalize the values, beliefs, and norms
of a society and learn to function as its members” (Calhoun, 2002, p. 447).
Sponsored Open Source Community
“[A community] where one (or more) corporate entities control the community’s
short- or long-term activities”. (West & O’Mahony, 2008, p. 149).
Sponsorship
Support of an event, activity, person, or organization financially or through the
provision of products or services as part of brand identification and marketing.
Structural Equation Modeling (SEM)
“Statistical methodology that takes a confirmatory (i.e. hypothesis-testing)
approach to multivariate analysis of a structural theory bearing on some
phenomenon” (Byrne, 1998, p. 3).
System Quality
“Desired characteristics of the information system itself which produces the
information” (DeLone & McLean, 1992, p. 62).
Use
“An individual’s actual direct usage of the given system in the context of his or
her job” (Davis, 1986).

13
User Satisfaction
“The degree of user satisfaction with the system” (Rai et al., 2002, p. 57).

List of Abbreviations
API
Application Programming Interface
CFI
Comparative Fit Index
HTML
Hypertext Markup Language
IDE
Integrated Development Environment
JSON
JavaScript Simple Object Notation
RMSEA
Root Mean Squared Error of Approximation
URL
Uniform Resource Locator

Summary
Recent advances in information technologies and subsequent explosive growth of
computer software use in practically all aspects of everyday life provide tremendous
opportunities and benefits for improving people’s lives. However, significant proportion
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of software projects represents cancelled, abandoned or otherwise failed projects. This
situation exists not only in commercial software products or government information
systems, but also in an increasingly popular and important domain of free/libre and open
source software (FLOSS).
The problem of failures in software development projects requires identification
and understanding of the factors of success and their interrelationships. Practice and
previous research suggest that governance of software development projects plays crucial
role for their success or failure (Kappelman et al., 2006). Increasing adoption and
sponsorship of FLOSS by commercial firms and government organizations present
additional challenges, including the role of governance in sponsored FLOSS projects.
This dissertation research focused on analyzing the role and significance of
governance and sponsorship in the success of FLOSS development. This empirical study
used both conceptual analysis and quantitative methods, in order to gain a more complete
understanding of the selected topic. The conceptual analysis phase (Margolis &
Laurence, 2011), a preliminary study, based on the review of existing literature, produced
a partial model of success in FLOSS development. This model was tested in an empirical
phase, which statistically analyzed data from the world’s largest FLOSS repository
(SourceForge). The statistical analysis was mainly based on the structural equation
modeling approach. It is the hope of the author/researcher that results and conclusions of
this dissertation study provide a small, but important, contribution to enriching our
understanding of FLOSS as a complex phenomenon in the information systems domain
of knowledge, as well as help uncover the most effective solutions for governing and
sponsoring FLOSS development projects to maximize the likelihood of their success.
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Chapter 2
Review of the Literature
Introduction
In the world of FLOSS, software development project continuously maintains the
software as its integral part and, thus, may be considered as a form of information system
(IS) (Crowston et al., 2006a). Since FLOSS is a type of IS, research on IS success can be
used as a starting point and a foundation to study FLOSS success and its contributing
factors.
The purpose of this section is to review and analyze literature on the topics of IS
development, FLOSS development, as well as IS success and FLOSS success in order to
determine major streams of research and findings. This preliminary literature review
should provide a knowledge foundation for a further investigation in these areas.

Information Systems Success
The information systems literature has no shortage of research devoted to IS
success (DeLone & McLean, 2003). The reason for this is that measuring IS success is
considered as a general approach to assessing the contribution of information systems to
organizational effectiveness (Seddon, Staples, Patnayakuni & Bowtell, 1998, 1999). The
area of IS success generates various streams of research. Some of the most popular
directions are testing, validation or adaptation of IS success models in particular
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environments or contexts (McGill, Hobbs & Klobas, 2003; Ortiz de Guinea, Kelley &
Hunter, 2005; Rai et al., 2002).
In their seminal paper, DeLone and McLean (1992) analyzed a large number of IS
success measures from multiple disorganized studies and presented the taxonomy of the
dependent variable in IS research – IS success. In this taxonomy, six major categories –
system quality, information quality, use, user satisfaction, individual impact and
organizational impact – are “interrelated and interdependent, forming an I/S [sic] success
model” (1992, p. 88). Identifying major dimensions of IS success, the authors (1992)
conclude that there are multiple measures of the IS success.
According to the latest revision of IS success model by DeLone and McLean
(2003), information systems success is a complex concept that consists of the following
constructs: information quality, system quality, service quality, intention to use, use, user
satisfaction, and net benefits. These constructs together with their interrelations represent
the Updated D&M IS Success Model as shown in Figure 1 below.
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Information
Quality
Intention to
Use

Use

System
Quality

Net Benefits
User Satisfaction

Service
Quality

Figure 1. Updated D&M IS Success Model
(Adapted from “The DeLone and McLean model of information systems success: A tenyear update.”, by DeLone and McLean, 2003, Journal of Management Information
Systems, 19(4), p. 24. Copyright 2003 by M.E. Sharpe, Inc. Adapted with permission
[pending].)
Free/Libre and Open Source Software
Introduction
FLOSS has had a major impact on the computer industry since the late 1990s and
has changed the way software is perceived, developed and deployed in many areas
(Michlmayr, 2005, 2007). Some researchers even argue that open source development
model has an impact beyond software development (O’Reilly, 2005), as its principles and
innovation may be applied toward solving complex problems, such as public policy and
management (Booth, 2010; Schweik & Semenov, 2003). Thus, the importance of FLOSS
has led to significant research interest (Androutsellis-Theotokis et al., 2011; Chen, 2007).
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FLOSS and IS: Similarities and Differences
FLOSS can be viewed as a form of information system (Crowston et al., 2006a).
This can be illustrated by the fact that nature of development process for IS and FLOSS is
very much similar overall (in terms of SDLC methodologies and tools). It also can be
argued that FLOSS success measures have some common roots with general IS success
measures. However, there are some significant differences (Sawyer & Annabi, 2006). In
an attempt to analyze unique characteristics of FLOSS versus traditional IS, researchers
approach the analysis from different perspectives, as summarized in Table 1 below. From
the organizational perspective, unlike in the traditional organizational setting, where the
focus is on IS use and its consequences, in the FLOSS context the use environment is
difficult to study or even identify, while many aspects of the development process are
publicly visible (Crowston et al.). From the software engineering (SE) perspective,
research shows that FLOSS projects are different to traditional IS projects in many
respects, such as: community-based development by volunteers, mixture of informal and
formal organizational structures and processes, organizationally and geographically
distributed development or significant differences in maturity of development processes.
This raises the question of whether traditional SE approaches and insights can directly be
applied to open source software projects (Michlmayr, 2005). From the social or sociotechnical perspective, some researchers view FLOSS as a social movement or as a multiproject software ecosystem, where projects, people, artifacts, tools, code, and projectspecific processes are interrelated and interdependent (Scacchi, 2007).
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Table 1. Comparative Summary of FLOSS and IS Characteristics (Aspects)
Perspective

Aspect

IS

FLOSS

Rigid, hierarchical

Flexible, role-based

Governance

Formal, org.
policies

Informal, project charter

Participation

Limited, mostly
employees

Unlimited, mostly
volunteers

Work organization
(practices)

Mostly in-house
teams

Mostly organizationally
and geographically
distributed teams

Coordination /
Collaboration

Org./project teams

Mostly virtual teams

Communication

E-mail, phone,
personal (local)

E-mail, mailing lists,
chat/IM, wiki, forums

Leadership

By assignment

Project founders or by
participant reputation

Product

Closed source

Open source

Planning

Centralized

Distributed

Methodologies
(SDLC)

Waterfall,
prototyping, spiral,
some Agile

Iterative / incremental,
Agile

Tools

Version control
systems, defect
trackers, testing
tools, package
management tools

Very similar

Public repositories
(forges)

Negligible

Many

Innovation

Firm-based

Community-based

Organizational Org. structures

Project management
Software
Engineering

Sociotechnical

(Table 1 continues)
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(Table 1 continued)
Perspective

Aspect

IS

FLOSS

Knowledge
Management

Firm-based

Community-based

Social

Participation

Centralized; by
appointment

Distributed; voluntary

Economics

Funding

Private

Public (sponsorship)

Market

Competition

Limited, pressure
from competition

Freedom from competition

Cultural

Environment

Organizational

Freedom, diversity,
consensus

Legal

IP Ownership

Private

Public

Licensing

Closed

Open

Impact

Individual, org.,
market, public

Organizational,
market

Individual, organizational,
market, public

Success

Criteria

Organizational,
market

Technical, market

Development of FLOSS
FLOSS development process is a subject of special interest for IS researchers
(Michlmayr, 2005, 2007; O’Reilly, 1999, 2005; Raymond, 1998, 1999; Senyard &
Michlmayr, 2004). Collaborative nature and volunteer participation are often cited as
significant characteristics of the process of FLOSS development (Booth, 2010).
However, some researchers describe this process as “unstructured and unorganized”
(Michlmayr, 2007). Crowston et al. (2006a) note that, unlike traditional organizational IS
development, many aspects of the FLOSS development process are publicly visible.
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Streams of FLOSS Research
As discussed above, the importance and proliferation of FLOSS has led to a
significant research interest (Crowston et al., 2012; von Krogh & von Hippel, 2006). As
seen in Table 2 below, an abundance of different FLOSS studies illustrate the complexity
and multi-dimensional nature of this phenomenon. Crowston et al. (2006a) suggest that it
would be useful to develop the taxonomy of FLOSS research. Table 2 presents an attempt
to create such taxonomy by classifying the existing FLOSS research literature according
to research stream as a major criterion.
Table 2. Taxonomy of FLOSS Research
Research stream

Related disciplines

Representative studies

Meta-analysis

Not applicable

Androutsellis-Theotokis et al. (2011),
Scacchi (2007)

Motivation

Psychology, philosophy

Axelrod (1997), Hertel, Niedner &
Herrmann (2003), Lakhani & Wolf
(2005), Lerner & Tirole (2002, 2005)

Development
(Processes and
Tools)

Software engineering,
management science,
psychology, sociology,
political science, linguistics

Mockus, Fielding and Herbsleb
(2002), Scacchi (2005), Schweik &
English (2007), Spinellis & Clemens
(2004), Norris & Kamp (2004)

Use (Evaluation)

Management science

Ortiz de Guinea et al. (2005), Weber
(2004)

Success

Integration of disciplines

Crowston et al. (2006a)

Economic and
Business Models

Economics, management
science

Krishnamurthy (2005), Garzarelli,
Thomassen & Limam (2008)

Law, Community
and Society

Law, sociology, psychology

McGowan (2005), Meeker (2008)

Non-IS discipline
analysis

Not applicable

Casadesus-Masanell & Ghemawat
(2006)
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The Success of FLOSS
Introduction
Many FLOSS projects have been extremely successful (Feller et al., 2005). This
fact can be related to the software’s high quality, which is achieved via complex peerreview process performed by a large community of developers and users in order to
identify and fix software defects and add features (Senyard & Michlmayr, 2004).
IS success is one of the most widely used dependent variables in IS research
(DeLone & McLean, 1992, 2002, 2003, 2004; Grover, Jeong & Segars, 1996; Seddon,
1997; Seddon et al., 1999). Hence, there is a significant interest of IS research
community, especially in the area of IS success measurement. Crowston et al. (2006a)
specify two reasons why it is important to develop measures of FLOSS success. Firstly, it
would help FLOSS project leaders and potential project sponsors in assessing projects
and (for some sponsors) potential return on investment. Secondly, the increasing
dependence on FLOSS of millions of users, including major corporations and
governments, demands detailed understanding of development processes that lead to its
success. However, specific characteristics of FLOSS make some of its measures more
suitable than others and require the addition of measures beyond those considered in the
traditional IS research (Crowston et al.).
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Research Streams
Research on the success of FLOSS development is in its early stages. There are a
relatively limited number of comprehensive studies directly targeting this area (Crowston
et al., 2006a; Midha & Palvia, 2012; Schweik & English, 2012). Some other research
studies (Scacchi, 2007), while not focused on the FLOSS success per se, also contribute
to better understanding of this important concept. However, due to rapidly increasing
popularity and significance of FLOSS, the research community demonstrates a stable
interest in this area by producing more studies on different aspects of the success of
FLOSS development. Most popular streams of the FLOSS success research include:
development and testing of FLOSS success models (Midha & Palvia, 2012; Schweik &
English, 2012; Sen, Singh & Borle, 2012), success factors (Schweik, English, Paienjton
et al., 2010; Sen et al., 2012; Senyard & Michlmayr, 2004; Thym, 2010), success
measurement (Cau, Concas, & Marchesi, 2006; Ghapanchi, Aurum & Low, 2011; Sen et
al., 2012), governance (Capra et al., 2008; Markus, 2007; de Laat, 2007; Lattemann &
Stieglitz, 2005; Shah, 2006; O’Mahony, 2007; O'Mahony & West, 2005), impact of
particular aspects, such as development process (Michlmayr, 2005, 2007), community
structure (Grewal, Lilien, & Mallapragada, 2006; West & O’Mahony, 2008), sponsorship
(Jullien & Zimmermann, 2009; Lerner & Tirole, 2002, 2005; Markus, 2007; Santos,
2008; West & O’Mahony, 2008).
A stream of research concerning user-developed applications (UDA) domain and
UDA success (McGill et al., 2003) partially intersects with the FLOSS success stream, as

24

both UDA and FLOSS share the aspect of user participation in the software development
process. However, due to significant differences between UDA and FLOSS in other
aspects of software development, UDA research stream does not belong to the research
on FLOSS and its success and, thus, is beyond the scope of the presented dissertation.
Models of FLOSS Success
Traditional models of IS success (DeLone & McLean, 1992, 2002, 2003, 2004;
Grover et al., 1996; Seddon, 1997; Seddon et al., 1999) provide a range of potential
success measures for the FLOSS environment. However, some of the measures are
irrelevant, and others are difficult to apply in the context of FLOSS (Crowston et al.,
2006a). The reason for this is that many of these measures are based on the organizational
approach to system development and they do not take into account unique characteristics
of the FLOSS.
The analysis of FLOSS development process (Crowston et al., 2006a) from the
perspectives of both product and process of system development suggests a number of
additional measures of success for these projects. From the perspective of product
(output) of system development they suggest possible additional measures, such as
progress of a project and developer satisfaction. In DeLone and McLean’s (2003) process
model, system development is implicitly treated as a single step action. However, FLOSS
projects are often characterized by a continuing process of fixing defects, adding features
and releasing new versions of the software. This characteristic of the FLOSS
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development process suggests a number of possible indicators of success, which include
number of developers, level of activity and cycle time (Crowston et al., 2006a).
Factors of FLOSS Success
Based on the review of selected empirical studies of FLOSS projects, Scacchi
(2007) identifies several categories and subcategories of socio-technical resources as
potential success factors of FLOSS development:


Individual participation (interest, motivation, commitment; sustainability)



Resources and capabilities (personal software development tools and
networking support; beliefs; software informalisms (artifacts); competently
skilled, self-organizing, and self-managed software developers; discretionary
time and effort of developers; trust and social accountability mechanisms)



Cooperation, coordination, and control (alliance formation, inter-project
social networking and community development; community development
and system development; negotiation and conflict management; dependence
on other FLOSS projects).

Analyzing FLOSS research literature, Thym (2010) identifies seven principles of
successful open source communities. These principles essentially can be viewed
as FLOSS success factors and include openness, scalability, circular feedback,
pragmatism, social interaction, freedom, and personal relevance.
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Constructs and Measures of FLOSS Success
Current research literature agrees that FLOSS success, as a multidimensional
construct, should be viewed through multiple perspectives (Crowston et al., 2006a;
Midha & Palvia, 2012). In particular, many studies adopt the classification of FLOSS
project success in technical success and market success (Grewal et al., 2006; Midha &
Palvia, 2012; Rai et al., 2002). FLOSS technical success is frequently defined as a level
of developer contributions and other project activity. This can be measured by various
indicators, such as number of commits to the project’s version control system (CVS,
Subversion, Git or other). FLOSS market success is often defined in terms of the
project’s level of popularity. Usually this is measured by either – for well-known projects
– market penetration (Feller & Fitzgerald, 2002) or – for lesser-known projects –
popularity of the project among current and potential users (Stewart et al., 2006).
Based on the results of relatively limited survey of literature on FLOSS success,
Ghapanchi et al. (2011) propose taxonomy of FLOSS success, which consists of two
broad categories: product success and project success. They identify six success
constructs and the corresponding measurement areas – product quality, user interest,
project performance, project effectiveness, project efficiency, and project activity – and
map them onto these categories.
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Research Focus and Preliminary Research Model
FLOSS is a very complex socio-technical phenomenon. Thus, in order to make
the presented research realistic and manageable, there was a need to establish a focus of
the proposed study. As the exploration of success factors in FLOSS development is an
overarching theme of the presented research, this dissertation focused on exploring two
potentially important factors of success: governance and organizational sponsorship.
The relationships between these three constructs are presented in the conceptual research
model, as shown in Figure 2 below. As this proposed model was preliminary, control
variables of the study were identified (selected) at a later stage and are presented later in a
detailed conceptual research model.
Governance
FLOSS Success

Org. Sponsorship
Control Variables

Figure 2. Preliminary Conceptual Research Model
FLOSS research literature on governance represents several major research
streams (Markus, 2007): intellectual property (IP) (O’Mahony, 2007; West & O’Mahony,
2008), organizational structures and processes (de Laat, 2007; Lattemann & Stieglitz,
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2005; Shah, 2006; West & O’Mahony, 2008), project management (Markus, 2007),
community management (de Laat, 2007; O’Mahony, 2007; O'Mahony & West, 2005),
software development processes (Capra et al., 2008), conflict resolution and rules
(O'Mahony & West, 2005; West & O’Mahony, 2008), use of information and tools.
Most research literature on organizational sponsorship of FLOSS projects
explores motivation (Jullien & Zimmermann, 2009; Lerner & Tirole, 2002, 2005; Santos,
2008), IP rights (Stewart et al., 2006), software development, governance (Markus, 2007;
West & O’Mahony, 2008), community development (West & O’Mahony, 2008) and
other issues. Some studies explore governance in the environment of the sponsorship of
FLOSS projects (O'Mahony & West, 2005; Shah, 2006; West & O’Mahony, 2008). The
following sections of the literature review provide a detailed discussion of research on
governance and sponsorship in FLOSS development projects.

Governance in FLOSS Projects
Introduction
In order to better understand the nature and specifics of governance in FLOSS
projects it can be beneficial to present some terminology of the governance concept, from
its most general form to the IT domain of software engineering and then to its subdomain
of FLOSS development. Governance can be defined as “the exercise of control and
direction over a subject such as a society, an organization, processes, or artifacts, by
using laws and policies that are defined, deployed, and executed” (Dubinsky et al., 2009,
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p. 266). In regards to the domain of software engineering, Capra et al (2008) define
governance of software development project as “the complex process that is responsible
for the control of project scope, progress, and continuous commitment of developers” (p.
767). Finally, shifting the focus to the FLOSS development, Markus (2007) defines
governance of FLOSS as “the means of achieving the direction, control, and coordination
of wholly or partially autonomous individuals and organizations on behalf of an OSS
development project to which they jointly contribute” (p. 152). Therefore, use of the term
‘governance’ and related terms in the presented study implies both the process of
direction, control and coordination as well as the corresponding means (laws, policies and
other tools). Hereafter, for the purposes of this study, the terms ‘governance of FLOSS
projects’ and ‘FLOSS governance’ are used interchangeably as synonyms. Additionally,
it should be noted that terms ‘open source governance’ and ‘open source software
governance’ have different meanings. While based on principles of open source software,
open source governance represents a political philosophy (Lessig, 2005, Tkacz, 2012).
Therefore, this concept and its analysis are beyond the scope of this dissertation.
Dubinsky et al. (2009) write: “The ultimate goal of governance is to (sic) provide
reasonable assurance that the stakeholders' (business) objectives will be achieved and
undesired events will be prevented or detected” (p. 268). This leads to realization that it is
difficult to overestimate the importance and significance of governance, especially in the
context of software development or other IT projects, which typically have significant
risks and, correspondingly, high failure rates (Charette, 2005; Kappelman et al., 2006).

30

Software development represents knowledge work, which involves problem
solving and decision making. According to Oakes (2012), the role of governance in
software development is in enabling efficient and effective decision making processes.
He notes that success of software development relies on the efficiency and effectiveness
of decision making, which, in turn, depend on good governance. Thus, it can be argued
that governance in FLOSS projects, like in any other software development projects,
plays an important role as a critical success factor.
Taxonomy of FLOSS Projects
The enormous diversity in the universe of open source software projects (Daniel,
Agarwal & Stewart, 2013) lead to significant differences in their external and internal
parameters as well as some common features. Therefore, in order to successfully
understand nature, elements and mechanisms of FLOSS governance, it is important to
classify FLOSS projects by various criteria.
Recent research literature on FLOSS illustrate new trend of paying more attention
to studying projects that were initiated or founded by corporate firms or government
organizations (West & O’Mahony, 2008). Therefore, one dimension of FLOSS projects
taxonomy and, consequently, the classification criterion, is the source of their creation.
Based on this criterion, FLOSS projects and their corresponding communities can be
classified as individually-founded and organizationally-founded. Another closely related
to this criterion is the mode of community creation, based on which FLOSS communities
can be distinguished as and called organic and synthetic (West & O’Mahony, 2005).
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However, due to potential changes in governance elements through community lifecycle,
West and O’Mahony (2008) suggest focusing classification on the community current
governance structure, thus, referring to corresponding types of FLOSS communities as
autonomous and sponsored.
Based on the current research literature, the following paragraphs present a
discussion on various elements of FLOSS governance, such as organizational structures,
roles, mechanisms, tools and more. It makes sense to proceed with this discussion now,
after presenting the taxonomy of FLOSS projects in regard to their source of creation,
mode of creation and current governance elements. This allows for identification of both
common and different characteristics of FLOSS governance.
Organizational Structures in FLOSS Governance
Over the years, FLOSS researchers and practitioners identified and studied
multiple structural forms around FLOSS development projects. The terms used range
from bazaar to community, from foundation to ecosystem. One of the first references to
FLOSS projects organizational structure can be found in the writings of Eric Raymond
(1998, 1999, 2001). He introduces metaphors ‘bazaar’ and ‘cathedral’ to describe and
contradict the development styles and project structures of open source and commercial
software, correspondingly. Generally, in the FLOSS world terminology, ‘project’ and
‘community’ are almost always used interchangeably, depending on the context. Thus, for
the purposes of this dissertation, these terms (with preceding ‘FLOSS’ and, sometimes,
when context allows, without) are used as synonyms, unless noted otherwise in order to

32

illustrate some nuances of FLOSS. Demil and Lecocq (2006) adopt Raymond’s
terminology and propose term ‘bazaar governance’ to define a new generic governance
structure. They analyze FLOSS through the perspective of transactional cost economics
(TCE) and suggest that an open license can be considered as a particular type of contract,
which represents the basis of this governance structure. Demil and Lecocq analyze three
main elements of any governance structure (contractual framework, incentives intensity
and control intensity) and compare bazaar governance structure in FLOSS with market,
hierarchy and network governance structures. They find that low levels of control and
incentives do not necessarily lead to inefficiency of the bazaar governance structure. The
study’s further analysis reveals that “the bazaar is the most uncertain generic governance
structure” (2006, p. 1457). Further analysis reveals that FLOSS contains certain network
mechanisms, which have potential to reduce the uncertainty within bazaar governance.
Demil and Lecocq also suggest that the trend of moving from pure bazaar governance,
represented by restrictive free software licenses, like GPL, to mixed forms of governance,
combining bazaar and market, transforms open source to “a more viable business model”.
This is extremely important for the presented study as these mixed forms of governance
form the core of the sponsored FLOSS communities, which were the subject of further
analysis in this dissertation.
In line with an approach by Demil and Lecocq (2006), Watson et al. (2005)
analyze communities through the TCE lens, but suggest using the term community rather
than bazaar or peer production as more accurate reference to this form of governance.
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Watson et al. note that their definition of communities is general as it includes all
communities that create economic value. As such, it includes not only FLOSS projects,
but also communities of practice, dictionaries, encyclopedias, free e-books collections,
and academic journals. According to the TCE, transaction costs and transaction benefits
determine governance structure. Watson et al. identify four general types of communities:
restrictive, diffusive, adaptive and inventive. Following this classification, FLOSS
belongs to the inventive category of governance forms, where high transaction benefits
and responsiveness (enabled by modern technologies, primarily the Internet) foster
innovation and learning, thus, creating efficient global community. However, pure forms
of market, hierarchy and community organizations are less common in today’s economy.
Various organizational forms co-exist and relationships between their governance
structures produce hybrid forms of governance, such as sponsored FLOSS communities
(Berdou, 2011; Schaarschmidt, 2012; West and O’Mahony, 2008). Detailed discussion of
sponsored FLOSS communities is presented further in this work (refer to sections
“Organizational sponsorship in FLOSS projects” and “Governance in sponsored FLOSS
projects”). Work by Watson et al. (2005) is especially important for FLOSS governance
research as it combines rational economic approach of transaction costs with social
dimension of transaction benefits (Granovetter, 1985, 2002; Simon, 1957).
In today’s world, where economy is increasingly dependent on knowledge
production and sharing, it is especially important that more researchers focus their studies
on communities as an alternative to market and hierarchical forms of organization and
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production (O’Mahony & Ferraro, 2007). FLOSS communities represent a class of
production communities, in contrast to occupational communities and communities of
practice, both of which typically are considered within organization as existing authority
structure (for example, employer). Not only FLOSS communities are not associated with
a single organization, but their production function implies integrating contributions of
individual participants into a common contribution, which increases interdependencies
between participants and, thus, requires significant coordination efforts (Herbsleb, Mokus
& Roberts, 2006; Mockus et al., 2002). Moreover, production communities like FLOSS
projects practically always control the end result of their efforts (software product), and
community members work toward their collective objectives (O’Mahony, 2003).
O’Mahony and Ferraro argue that FLOSS, as a production community, must introduce
some limited bureaucracy in a form of positional authority. This allows communities to
“simultaneously preserve democracy and accountability to its members” (2007, p. 1082).
Recent research also suggests that governance system of FLOSS communities, in order to
support interest, commitment and contributions of their voluntary participants, must be
meritocratic, in other words, must recognize and reward participants’ achievements. In
addition to the discussion of FLOSS governance structures above, mechanisms of such
mixed forms of governance are discussed further in the corresponding section of this
dissertation (“Governance mechanisms in FLOSS”).
Today many FLOSS projects exist in a form of open source foundations – nonprofit organizations, usually consisting of project founders and companies interested in
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developing, promoting, supporting and legally guarding one or several FLOSS projects.
These organizations vary in terms of their type and legal structure, from foundations to
associations and consortiums (Booth, 2010; Xia, Zhao & Mahoney, 2012). Since the
main goal of FLOSS foundations is to ensure the long-term survival of corresponding
projects and software, foundations have a wide range of responsibilities, including
strategy development, organizational, marketing, intellectual property (IP), infrastructure,
membership, and financial (Riehle, 2010). Open source foundations represent the hybrid
form of governance (Berdou, 2011; Watson et al., 2005; West and O’Mahony, 2008),
which was discussed earlier in this section. This governance structure is complemented
by specific governance mechanisms, such as IP management (copyright and trademark
transfer, license selection and enforcement, patent protection, usually in a form of a
contributor agreement) and development cost saving mechanisms (platform
standardization and development expenses sharing). Technology companies (vendors) are
economically motivated to start or join FLOSS foundations, as embedding lower-priced
open source components into their technology solutions provide savings to both vendors
and customers, generate higher vendor profits, increases customer base as well as the size
of the market (Riehle, 2010). Additional motivators for companies to participate in open
source foundations are strategic and include increasing product quality and firm visibility,
which leads to gaining sustainable competitive advantage in the market. Riehle also notes
existing knowledge gap in economic models and decision processes on financial
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investments in FLOSS foundations and that this gap presents a viable and important
research opportunity.
In a qualitative study of twelve sponsored FLOSS communities, West and
O’Mahony (2008) contrast governance structure and mechanisms between sponsored and
autonomous FLOSS communities across three dimensions of participation architecture:
production, governance and intellectual property. They identified that the major problem
in such communities lies in governance dimension and represents a misbalance between
firms’ control and opportunity for outside participation (openness). West and O’Mahony
(2008) also identify that the reason of this misbalance is the fundamental difference
between primary goals of sponsored communities’ stakeholders: profit from investment
for sponsors and improving the capabilities. Discussing results, the authors note that
significant differences in openness (in a form of transparency and accessibility) between
sponsored and autonomous communities are more pronounced due to the fact that the
scope of the study were corporate sponsored FLOSS communities. They suggest that
FLOSS communities created or managed by non-corporate sponsors, like non-profit,
government or international organizations, would less likely to diminish public good
value, but, surprisingly, would have similar conflict of interests between control and
freedom. In a more recent study, Riehle and Berschneider (2012) distinguish between
FLOSS developer foundations and FLOSS user foundations. Qualitatively analyzing nine
high-visibility FLOSS foundations, they propose a model of FLOSS developer
foundation. This model consists of identified attributes, grouped into the following
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categories: general, philosophy, intellectual property, governance, financing and
operations. The authors illustrate practical value of the suggested model by applying it to
analysis of the same nine FLOSS foundations and find that model naturally fit the data,
since it was developed based on this data. The model has a potential value for both theory
and practical applications, such as comparing FLOSS foundations with each other.
It should be noted that previous discussion of open source foundations as
organizational structures in FLOSS governance refers to foundations, focused on specific
FLOSS projects or technologies (such as The Apache Software Foundation, The Eclipse
Foundation, The Linux Foundation and The Document Foundation), rather than to
contrasting general open source foundations, oriented toward development and protection
of interests of open source software as a whole (such as The Open Source Initiative and
The Free Software Foundation).
Recent FLOSS research literature started paying significant attention to studying
another important FLOSS governance structure – open source ecosystems (AndroutsellisTheotokis et al., 2011; Scacchi, 2007). Ecosystem represents a powerful metaphor used to
describe interconnected, interdependent and interacting components (Nardi & O'Day,
1999). Regardless of the type and structure of an ecosystem, one of its most important
characteristics is its dynamic nature, where the system components “adjust and are
adjusted in relation to each other, always attempting and never quite achieving a perfect
fit. This is part of the dynamic balance achieved in healthy ecologies – a balance found in
motion, not stillness” (Nardi & O'Day, p. 53).
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From the structural prospective, FLOSS ecosystem consists of a diverse set of
interrelated and interdependent elements, which include projects, people, artifacts, tools,
code, and project-specific processes (Scacchi, 2007). Another classification of FLOSS
ecosystems is based on the roles of their participants (actors), such as development
communities, end users, software distributors, software producers and vendors, hardware
producers and vendors, third-party service providers, other businesses, government, nonprofit, and international organizations (Androutsellis-Theotokis et al., 2011).
Discussing organizational structures in FLOSS governance, it is important to
mention open source community ideology, a foundational structural element of any
FLOSS community and its governance. Recent research suggests that open source
community ideology has a significant impact on FLOSS project effectiveness and,
consequently, its success (Stewart & Gosain, 2006a). According to Trice and Beyer
(1993), ideology consists of shared and interrelated sets of beliefs, values and norms.
Based on their definition (see section “Definition of Terms” in this paper), Stewart and
Gosain (2006a) identify the tenets of open source ideology, summarized in Table 3
below.
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Table 3. Taxonomy of Open Source Ideology
Category Component

Description

Norms

Forking

Norm against forking a project, which refers to splitting
the project into two or more projects developed separately.

Distribution

Norm against distributing code changes without going
through the proper channels.

Named credit

Norm against removing someone’s name from a project
without that person’s consent.

Code quality

Open source development methods produce better code
than closed source.

Software
freedom

Outcomes are better when code is freely available.

Information
freedom

Outcomes are better when information is freely available.

Bug fixing

The more people working on the code, the more quickly
bugs will be found and fixed

Practicality

Practical work is more useful than theoretical discussion.

Status
attainment

Status is achieved through community recognition.

Sharing

Sharing information is important.

Helping

Aiding others is important.

Technical
knowledge

Technical knowledge is highly valued.

Learning

There is a value in learning for its own sake.

Cooperation

Voluntary cooperation is important.

Reputation

Reputation gained by participating in open source projects
is valuable.

Beliefs

Values

(Adapted from “The impact of ideology on effectiveness in open source software
development teams.”, by Stewart and Gosain, 2006, MIS Quarterly, 30(2), 291–314.
Copyright 2006 by MISQ. Adapted with permission [pending].)
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Following the collection of relevant data from 67 FLOSS projects, Stewart and
Gosain (2006a) use SEM methodology to test their proposed model and hypotheses in
regard to effect of open source ideology on FLOSS project effectiveness and success. The
results mostly support the hypotheses of positive impact of ideology on effectiveness.
However, the study reveals some unexpected negative effects of some components of
FLOSS ideology on projects performance that require further investigation and may have
implications for FLOSS research and practice.
Characteristics of FLOSS Governance
Characteristics of FLOSS communities and their governance largely depend on
the type of community. O’Mahony (2007) identifies the following characteristics of an
autonomous FLOSS community: independence, pluralism, permeable representation,
decentralized decision-making and autonomous participation. Based on this work,
Stuermer (2009) defines corresponding characteristics of a sponsored FLOSS community
as opposite: “dependence on a single sponsor, dominance of one company, undisputed
control by one sponsor, centralized decision-making by the company’s management, and
strictly restricted participation” (pp. 4-5).
Roles in FLOSS Governance
It can be argued that structure of a FLOSS community largely determines roles in
its governance system. Multiple research studies identified that FLOSS projects mostly
are organized according to the onion model, where different types of project participants
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are represented as concentric circles or sectors, with FLOSS project being represented as
the center. This model is shown in Figure 3 below.

Figure 3. Onion Model of FLOSS Community
(Reprinted from “Open source software: A survey from 10,000 feet”, by AndroutsellisTheotokis, S., Spinellis, D., Kechagia, M., & Gousios, G., 2011, Foundations and Trends
in Technology, Information and Operations Management, 4(3–4), p. 219. Copyright 2011
by S. Androutsellis-Theotokis, D. Spinellis, M. Kechagia and G. Gousios, G. Reprinted
with permission [pending].)
Relative distance to the center represents the level of control of the project
(community). Thus, the inner areas represent developers or other community members
with leadership or managerial roles. More distant areas of the model represent members
with less control and responsibilities. However, recent research suggests that peripheral
participants play significant role in the project’s success (Setia, Rajagopalan,
Sambamurthy & Calantone, 2012). According to the onion model, all community
participants can be grouped, depending on their roles, into smaller classes (actors) and,
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depending on their responsibilities, into larger groups (categories). Most research
literature on roles in FLOSS development is focused on several areas of inquiry: roles
classification (Androutsellis-Theotokis et al., 2011; Gacek & Arief, 2004), estimating
sizes of groups of participants in particular roles (Crowston, Wei, Li & Howison, 2006b),
hybrid roles of FLOSS developers working for project sponsoring firms (Berdou, 2011;
Lin, 2006; Schaarschmidt, 2012).
Governance Mechanisms in FLOSS
Since governance in any organization is a framework designed and established to
successfully achieve the organization’s goals (Dubinsky et al., 2009), it can be argued
that mechanisms of governance largely depend not only on its structure, but also on the
context of its application. Recent progress of open source software development and its
unprecedented adoption in industry, corporate world and government organizations
prompted significant interest of research community to governance of FLOSS. While still
in its infancy, some research on FLOSS governance is focused on studying mechanisms
of governance (Berdou, 2011; Markus et al., 2000; Schaarschmidt, 2012). Based on
comprehensive review of existing IS literature, the diversity of governance mechanisms
in FLOSS is summarized in Table 4 below. Some discussion of these mechanisms is
presented following the table.
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Table 4. Taxonomy of Governance Mechanisms in FLOSS
Category

Area (Process)

Mechanisms

Participation

Motivation

 Motivation strategies

Membership

 Joining (acceptance) rules
 Recruiting & retaining strategies

Socialization

 Socialization process and content

Roles management

 Roles definition and enforcement
 Promotion and demotion rules

Decision making

 Strategic decision making
 Technical decision making

Leadership

 Decision making style
 Roles hierarchy

Work processes

 Technical, social, business processes

Labor division

 Code modularization
 Task allocation
 Flexibility in code ownership
 Defect tracking (DT)

Collaboration

 Forums, wiki, mailing lists

Control

 Project charter, core team, voting

Conflict management

 Voting, Agile methods, peer reviews

Authority

 Roles hierarchy

Quality

Quality control

 Agile methods, peer reviews, DT
 Development standards

Knowledge
management

Knowledge creation

 Project openness (acceptance)
 See: Partnership, sponsorship

Knowledge sharing

 See: Collaboration

Innovation

 Global pool of ideas and opinions
 See: Knowledge sharing

Partnership

 Partnership

Sponsorship

 Sponsorship

Work processes

Coordination

Ecosystem
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Participation. According to the classification presented above, community
participation is a major and very important category for FLOSS governance mechanisms
(Booth, 2010; Markus et al., 2000). There is a significant amount of research literature
dedicated to various governance areas within participation. One of the most popular
research streams is studying motivation of community participants (David & Shapiro,
2008; Krishnamurthy, 2006; Feller & Fitzgerald, 2002; Roberts, Hann & Slaughter,
2006). From a social sciences perspective, the analysis of motivation in FLOSS research
literature essentially follows two major schools of thought: neo-economical, marketbased (Lerner & Tirole, 2002, 2005) and anthropological, social, gift-based (Bergquist &
Ljungberg, 2001; Choi, Kim & Yu, 2009; Zeitlyn, 2003). The motivation research stream
includes studying individual participants, such as developers or users, as well as
organizational (also called institutional) participants, such as commercial firms or
government organizations. Not unexpectedly, each group of participants has some
common, but mostly different sets of motivations (Bonaccorsi & Rossi, 2004; Noda,
Tansho & Liming, 2012; Rossi & Bonaccorsi, 2005). A discussion of individual
participation is presented below in this section, while a discussion on organizational
participation is presented further in the section dedicated to organizational sponsorship.
FLOSS researchers suggest various classifications of individual motivation
sources along with corresponding motivating factors. One of such classification is
suggested by Androutsellis-Theotokis et al. (2011). Categories they identify include:
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intrinsic (internal), extrinsic (external), ideological (political), social, and technological.
Intrinsic factors include enjoyment and amusement (Bitzer, Schrettl & Schroder, 2007;
Ghosh, 1998; Hertel et al., 2003; Lakhani & Wolf, 2005; Shah, 2006), fulfillment and
satisfaction (Bergquist & Ljungberg, 2001; Bonaccorsi & Rossi, 2003), sense of
discovery and creativity (Bonaccorsi & Rossi; Lakhani & Wolf; Shah), as well as
challenge (Lakhani & Wolf; Sen, Subramaniam & Nelson, 2009).
Shah (2006) studied motivation and effect of governance structures on the
evolution of motivation. The results of this study revealed that key motivational factors
for hobbyists, which represent critically important group of FLOSS community, are fun
and challenge. However, the study warns that hybrid governance structure, needed for
balancing interests, may introduce problems into the community, as such structure
discourages existing and new members from participation.
Extrinsic motivational factors of individual participation include reputation and
status (Ghosh, 1998; Ghosh, 2005; Hertel et al., 2003; Markus et al., 2000), signaling
incentives (Bezroukov, 1999; Bonaccorsi & Rossi, 2003, 2006; Hann, Roberts, Slaughter
& Fielding, 2002; Ke & Zhang, 2010; Lerner & Tirole, 2001, 2002, 2005; Orman, 2008),
as well as financial incentives and rewards (Bonaccorsi & Rossi, 2006; Ghosh, 2005;
Hann et al., 2002; Krishnamurthy, 2005; Lakhani & Wolf, 2005; Lerner & Tirole, 2001,
2002, 2005; Markus et al.).
Analyzing open source communities through the perspective of economic and
organizational theories, Lerner and Tirole (2002) find that individual motivations depend
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on signaling incentive, which consists of career concern incentive and ego gratification
incentive. They explain:
“The career concern incentive refers to future job offers, shares in commercial
open source-based companies, or future access to the venture capital market. The
ego gratification incentive stems from a desire for peer recognition. Probably
most programmers respond to both incentives” (pp. 213-214).
Another category of individual extrinsic motivation of participation in FLOSS
communities is ideological, sometimes also called political. This category refers to
motives, which are based on participants’ political, ideological or cultural beliefs
(Androutsellis-Theotokis et al., 2011). Ideological motives include anti-commercialism
or anti-monopolism (Bonaccorsi & Rossi, 2006; Elliott & Scacchi, 2008; Ghosh, 2005;
Stewart & Gosain, 2006a), hacker culture (Elliott & Scacchi, 2008; Stewart & Gosain,
2006a), advancing the free software movement (Stallman, 2002; von Hippel & von
Krogh, 2003).
Significant amount of research of extrinsic motivation in FLOSS is dedicated to
social factors (motives). These motives include altruism (Bonaccorsi & Rossi, 2003,
2006; Hars & Ou, 2002), sense of belonging (Bonaccorsi & Rossi, 2006; Ghosh, 1998,
2005; Hars & Ou, 2002; Hertel et al., 2003; Stewart & Gosain, 2006a; Zeitlyn, 2003) and
contributing to a public good (Bagozzi & Dholakia, 2006; Sharma, Sugumaran,
Rajagopalan, 2002; Spinellis, 2006; Stewart & Gosain, 2006a), generalized reciprocity
(Raymond, 1999) and gift giving (Zeitlyn, 2003).
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Technological motives (Androutsellis-Theotokis et al., 2011) represent another
important category of individual extrinsic motivation to participate in FLOSS projects.
These motives include learning and skills development (Bonaccorsi & Rossi, 2006; Feller
& Fitzgerald, 2002; Ghosh, 2005; Lakhani & Wolf, 2005; Ye & Kishida, 2003),
community contribution and feedback (Bonaccorsi & Rossi, 2003, 2006; Raymond,
1999), working with advanced technology (Bonaccorsi & Rossi, 2006; Spinellis, 2006),
realization of personal ideas (Bonaccorsi & Rossi, 2006; Feller & Fitzgerald, 2002;
Franke & von Hippel, 2003; Ghosh, 2005; Raymond, 1999; Spinellis, 2006), user-driven
innovation (Harhoff, Henkel & von Hippel, 2003; Lakhani & Wolf, 2005; Lerner &
Tirole, 2004; von Hippel, 2001).
Following the classification by Androutsellis-Theotokis et al. (2011), community
membership represents an important stream of research on FLOSS participation. Studies
in this research stream focus on governance mechanisms regulating membership in
FLOSS communities, such as joining (acceptance) rules as well as recruiting and
retaining strategies. Despite generally being open to everyone, FLOSS projects have
some control mechanisms of accepting members into technical or governance groups,
usually in a form of voting or consensus process within core team or other designated
team (Fielding, 1999; Markus, Manville & Agres, 2000; Mockus et al., 2002; Sharma et
al., 2002; von Krogh, Spaeth & Lakhani, 2003). Another stream of research covers roles
management within a FLOSS project. Managing roles of team members includes such
governance mechanisms as roles definition (formal or informal) and their enforcement as
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well as promotion and demotion rules, usually based on participant’s level of activity and
contribution to the project (Cornford, Shaikh & Ciborra, 2010; Dinh-Trong & Bieman,
2005; Ducheneaut, 2005; Jensen & Scacchi, 2007; Long, 2006). Roles management
research is also related to the research stream of leadership (Giuri et al., 2008), which is
discussed further in this section.
Despite being on a surface similar to the above-mentioned joining subcategory of
governance membership mechanisms, socialization deserves a dedicated discussion due
to being a much broader and richer construct. In social sciences, socialization refers to
“the process through which individuals internalize the values, beliefs, and norms of a
society and learn to function as its members” (Calhoun, 2002, p. 447). Research literature
contains multiple definitions of socialization, which usually differ on the perspective or
context of analysis of this construct (Feldman, 1981; Fisher, 1986; Schein, 1968, 1971).
Organizational socialization refers to socialization in the organizational context and can
be defined as “process by which an individual comes to appreciate the values, abilities,
expected behaviors, and social knowledge essential for assuming an organizational role
and for participating as an organizational member” (Louis, 1980, pp. 229-230).
Essentially, organizational socialization is very closely related to the concept of
organizational learning. However, an important difference is in the level of analysis:
organizational socialization is focused on the individual, while organizational learning –
on organization as a whole. Most literature on organizational socialization represents two
research streams: studies on the process of socialization (processes, mechanisms, stages)
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and studies on the content of socialization (what is learned). Chao, O'Leary-Kelly, Wolf,
Klein and Gardner (1994) identify six dimensions that shape the concept and construct of
organizational socialization: performance proficiency, people, politics, language,
organizational goals and values, history.
According to Crowston et al. (2012), socialization in the FLOSS context refers to
“strategies and processes through which new members join an existing FLOSS
development community” (p. 7:17). It should be noted that existing research studies on
socialization in FLOSS analyze not only new members of the community (von Krogh,
Spaeth & Lakhani, 2003), but also existing members transitioning through ranks and
roles within the community (Ducheneaut, 2005).
Studying factors and mechanisms of decision making processes in FLOSS
projects represents an important, but underdeveloped area of research. Usually, making
technical decisions are the privilege and responsibility of the project’s core development
team (Long, 2006). This team deals with a wide range of issues, such technical strategy,
release schedule, software architecture, testing strategy. The lack of clear authority
structure and hierarchy make consensus (usually achieved through voting) the major
governance mechanism in FLOSS decision making processes (Giuri, Rullani & Torrisi,
2008; Jensen & Scacchi, 2005; Mockus et al., 2002; Fielding, 1999; Sharma et al., 2002).
When opinions of module owner (or contributor) and core team differ, they attempt,
sometimes via compromise, to come to an agreement (consensus). If this is not
successful, module owner must comply with the core team; otherwise this participant
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may abandon the project or fork it into a new project. Abandoning or forking has negative
impact not only on the original project, but also on the whole FLOSS ecosystem (Kogut
& Metiu, 2001). Research literature on making strategic decisions in FLOSS focuses
mainly on decision making style within the community (Fielding, 1999; Gacek & Arief,
2004; German, 2003; Jensen & Scacchi, 2005; Moon & Sproull, 2000).
Significant attention in FLOSS literature is devoted to leadership, an area closely
related to decision making discussed above. Research on leadership in FLOSS projects is
focused on identifying role and functions of a leader, skills needed to become a leader
(Scozzi et al., 2008), processes of promotion to leadership roles, as well as types of
leadership in FLOSS projects (Markus et al., 2000; Giuri et al., 2008; Lerner & Tirole,
2002). Research on FLOSS governance pays significant attention to studying the main
type of leadership in FLOSS projects: shared leadership. Researchers find that shared
leadership enables the projects to maintain stability and growth, thus, leading to their
success (Fielding, 1999; Sadowski, Sadowski-Rasters & Duysters, 2008; Mateos-Garcia
& Steinmueller, 2008).
Work processes. Considerable amount of research is dedicated to the analysis of
work processes and practices in FLOSS communities. While coordination can also be
considered as a type of work processes, its significance and specifics (Herbsleb et al.,
2006) calls for a separate category and prompts for a separate discussion, which are
presented further in this section. FLOSS research on work processes focuses mainly on
the following areas: technical, social and business work processes, as well as labor
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division. Technical work processes refers to software development processes and
practices, which include project management and planning (PMPL), requirements
management, coding, testing, release and maintenance. While it is common knowledge
that FLOSS development usually does not involve formal PMPL (Scacchi, 2005, 2007),
as found in traditional (organizational) IS or software development, it is not completely
true. The lack of formal PMPL is usually present in small or non-mature projects, while
larger, mature and/or sponsored projects use formal PMPL in various forms, such as
project charters, roadmaps and schedules (Fitzgerald, 2006). Notable exception from this
in the mature projects category represents the Linux kernel project (Glance, 2004).
Processes and artifacts of requirements management in FLOSS projects usually occur
and are stored informally, via mailing lists or forums discussions (Scacchi, 2004).
However, recently, an increasing number of sponsored projects adopt more formal
approach to managing requirements (Fitzgerald, 2006; German, 2003). Limited number
of research studies is dedicated to studying developers’ effort estimation and developing
corresponding models, which has significant practical importance for various
stakeholders in FLOSS projects (Koch, 2008). The distributed nature of FLOSS
development makes the software architecture modularity (also called modular design) a
foundational concept for coding processes in FLOSS projects (Maccormack, Rusnak &
Baldwin, 2006; Moon & Sproull, 2000; Torvalds, 1999). Studies on testing in FLOSS
projects paint a mixed picture. FLOSS testing governance ranges from the lack of formal
testing processes in some projects, like Linux, to the presence of formal testing
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approaches in others (Dinh-Trong & Bieman, 2005; Glance; Thomas, 2003). Release
management practices in FLOSS projects are as diverse as the FLOSS universe itself.
Their analysis is easier when a guiding framework (taxonomy) is established. Erenkrantz
(2003) proposes one such taxonomy, which includes the following dimensions: release
authority, versioning, prerelease testing, releases approval, distribution, and formats. In
regards to software release schedules and authority, the approach of FLOSS projects
differs significantly in its formality (Dinh-Trong & Bieman, 2005; Glance). Like other
aspects of software engineering in sponsored FLOSS projects, release practices are
certainly being influenced by organizations’ best practices as well as sponsors’ business
goals. Software maintenance in FLOSS world, like in traditional (commercial or
organizational) software development, represents an important set of work processes. It
involves user support, issues and defects management, new features management.
FLOSS projects differ on the sources of support, which range from non-commercial
support from project participants themselves (Lakhani & von Hippel, 2003; Singh,
Twidale & Rathi, 2006) to full-scale commercial support by project sponsors or third
party organizations (Krishnamurthy, 2005).
Labor division represents another very important aspect of FLOSS governance.
The importance of it is due to the fact that distributed nature of work processes in FLOSS
projects is the essence and foundation of FLOSS development. From a governance
perspective, labor division in FLOSS projects includes formal and informal rules, policies
and other mechanisms of allocating tasks to project participants. The risk of inefficient
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resource allocation due to open and voluntary nature of participation in FLOSS projects
is naturally balanced by participants’ interests, skills and experience (Bonaccorsi &
Rossi, 2003), code complexity (den Besten, Dalle & Galia, 2008), software modularity
(Jensen & Scacchi, 2005; Mockus et al., 2002). Labor division mechanisms in FLOSS
projects include: task self-assignment (Booth, 2010; Crowston, Li, Wei, Eseryel &
Howison, 2007), flexibility in code ownership (Mockus et al., 2002), project coordinators
(Asklund & Bendix, 2002), architectural strategy of separation of concerns (Jensen &
Scacchi, 2005), and use of defect tracking systems (Michlmayr, 2005; Scacchi, 2004).
The distributed nature of FLOSS development makes coordination an extremely
important dimension of FLOSS governance (Herbsleb et al., 2006; Mockus et al., 2002).
Extending definition by Malone et al. (1999), coordination can be defined as managing
dependencies among activities by multiple participants. Literature on coordination
mechanisms in FLOSS projects mainly focuses on three sub streams of research:
collaboration, control and conflict management (conflict resolution). While collaboration
can be used as an umbrella term to describe interconnected work processes between
various project participants, here it is used to refer to the knowledge sharing aspect of
FLOSS development. Software development represents a highly knowledge-intensive
activity, thus, making knowledge sharing a very important part of the process (Ciborra &
Andreu, 2001; Dafermos, 2001; Hemetsberger & Reinhardt, 2004, 2009; Lakhani & von
Hippel, 2003; Lanzara & Morner, 2004; Lee & Cole, 2003; Singh et al., 2006; von
Krogh, Spaeth & Haefliger, 2005). In addition to knowledge sharing, FLOSS projects use

54

other coordination mechanisms, such as labor division (discussed above), shared mental
models (Scozzi et al., 2008), defect tracking (DT), restricted access to the development
team (Sagers, 2004), educational materials and standardization initiatives (Jensen &
Scacchi, 2005), as well as collaboration tools, such as forums, wiki, mailing lists, and DT
systems.
Control represents a fundamental part of any governance structure and FLOSS
projects are not an exclusion from this. Moreover, some research studies identified
control as an indicator and factor of FLOSS success (Gallivan, 2001; Wynn, 2004). The
specifics of control in FLOSS governance stems from the fact that voluntary participation
is a foundation of any autonomous (non-sponsored) FLOSS project. (Note: Control and
other governance mechanisms in sponsored FLOSS projects are discussed further in the
corresponding section.) Control in FLOSS projects is closely related to the concepts of
leadership and roles, as discussed above. However, since the essence of managerial roles
is coordination and conflict management, leadership in FLOSS communities is not about
authority, but responsibility. This creates confusion among community members and
ultimately may negatively impact chances of success. As Jensen and Scacchi (2005) note,
“the lack of clear authority structure is both a cause of freedom and chaos in open source
development” (p. 3). Despite the self-controlling nature of FLOSS development,
communities rely on several control mechanisms in FLOSS projects, such as project
charter, core team, governance board, project policies and guidelines (Markus et al.,
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2000). The above-mentioned control mechanisms are also used for conflict management
in FLOSS projects, in addition to voting, agile methods and peer reviews.
Quality is another important component of FLOSS projects governance. Quality
control mechanisms include testing (discussed earlier in this section), agile methods, peer
reviews (Stark, 2002), defect tracking, project guidelines and standards, as well as skillbased trust and reputation. Additionally, quality-related strategy and mechanisms include
individual and organizational learning (Kim, 1993) as well as knowledge sharing and
management, discussed below.
FLOSS development, as a type of software development, is an extremely
knowledge-intensive activity. Thus, the importance of knowledge management in FLOSS
projects is difficult to underestimate. Additionally, the distributed nature of FLOSS
development amplifies this importance. Presented earlier in this section, the discussion of
research on collaboration in FLOSS projects briefly introduced some research studies on
closely related topic of knowledge sharing in FLOSS development. In addition to
knowledge sharing, FLOSS research literature is equally focused on knowledge creation,
as well as related research streams on distributed innovation and open innovation
(Goldman & Gabriel, 2005; Henkel, 2009; Noda et al., 2012; Lee & Cole, 2003; Lin,
2006; Schaarschmidt, 2012; Scozzi et al., 2008; von Hippel & von Krogh, 2003).
In addition to studying FLOSS ecosystems from an organizational structures
perspective (as discussed in the section “Ecosystem organizational structures in FLOSS
governance” earlier in this paper), researchers pay significant attention to exploring
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governance mechanisms on the ecosystems level. Ever increasing collaboration between
various participants on this level makes this research stream important both theoretically
and practically. Analysis of research literature and industry publications suggests that
governance on ecosystems level usually exists in a form of partnership or sponsorship,
where participants of these types of relationship represent a mixture of FLOSS projects,
commercial firms, non-profit or government organizations. FLOSS ecosystems, which
include organizational sponsors, are discussed further in this paper in the following two
sections: “Organizational sponsorship in FLOSS projects” and “Governance in sponsored
FLOSS projects”.
Dynamics of FLOSS Governance
Governance in FLOSS projects is dynamic by the nature of FLOSS development.
As FLOSS projects evolve, governance elements and mechanisms in these projects
changes to adapt to new state of things. Analyzing the evolution of the highly popular
GNU/Linux distribution Debian, Sadowski et al. (2008) show how FLOSS projects
introduce new governance mechanisms in order to adapt to their new maturity level. In
the case of Debian, the project adopted informal administrative control based on a
constitution, elected leaders and interactive communication channels.
Analyzing the dynamics of governance in communities, O’Mahony and Ferraro
(2007) identify four main phases of FLOSS governance: de facto governance, designing
governance, implementing governance, and stabilizing governance. They find that a
mixture of limited bureaucratic and democratic governance mechanisms has positive
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effect on establishing sustainable and successful environment in FLOSS communities as
they “develop both a shared basis of authority and a governance model” (p. 1082).
Additionally, O’Mahony and Ferraro show the evolution of participants’ roles, positional
authority and leadership through the above-mentioned four phases of FLOSS governance
from technical to organization-building.
Supporting the above-mentioned research results on highly dynamic nature of
FLOSS governance, Weber (2004) also notes the importance of an individual approach to
developing governance mechanisms based on specifics of a particular FLOSS project:
“The open source process is an ongoing experiment. It is testing an imperfect mix
of leadership, informal coordination mechanisms, implicit and explicit norms,
along with some formal governance structures that are evolving and doing so at a
rate that has been sufficient to hold surprisingly complex systems together. There
is no off-the-shelf template for coordination and nonauthoritative governance of
complexity in the open source setting” (p. 189).
Governance as Success Factor in FLOSS
Despite the lack of comprehensive studies of governance as a factor of FLOSS
success – the problem that the presented dissertation is intended to address – there exist
studies, which present partial analysis of the topic by studying one or several elements or
aspects of FLOSS governance. For example, Stewart et al. (2006) investigate the role of
license choice as success factor in FLOSS.
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Organizational Sponsorship in FLOSS Projects
Introduction
Enormous interest to the open source software phenomena and dramatic increase
in its adoption in the world economy represents major highlights of the recent decade.
The importance of FLOSS is recognized by organizations of various sizes and types,
from small businesses and non-profits to medium and large commercial firms and local
and national governments (Riehle, 2010). Following the exponential rise of
organizational participation in FLOSS projects in recent years, studies on organizational
motivation in FLOSS represent a significant and dynamic sub-stream of research on
motivation in FLOSS. According to Androutsellis-Theotokis et al. (2011), FLOSS
organizational motivation research is focused on two main categories of topics: 1)
software development processes and products; 2) openness of FLOSS projects.
Organizations realize that, via participating in open source projects, the feedback and
contribution received from FLOSS community might be very beneficial to them in
improving their development processes and, for commercial firms, provide a source of
sustainable competitive advantage. The potential benefits include sharing costs of
development, source code peer review, reduction of duplicate effort, utilization of
existing functionality, access to pool of talented developers (Bonaccorsi & Rossi, 2006;
Dahlander, 2007; Henkel, 2006; Krishnamurthy, 2003; Noda et al., 2012; Robles, Duenas
& Gonzalez-Barahona, 2007; Wijnen-Meijer & Batenburg, 2007). Another motivation of
organizations in the process/product category is a significant modular approach in
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FLOSS software, which may improve firms’ product design and effort allocation
(Henkel, 2006; Krishnamurthy, 2003; Wijnen-Meijer & Batenburg, 2007). Additionally,
organizations may be motivated by the need or desire to adopt specific source code to
complement their business model in regards to the code functionality, quality, cost,
licensing, competition, lower barriers of entry and faster product development
(Androutsellis-Theotokis et al., 2011; Gruber & Henkel, 2006). The second category of
organizational motivation is the openness of FLOSS projects, which include the
following motivational factors: commercial visibility and reputation (Bonaccorsi,
Giannangeli & Rossi, 2006; Dahlander, 2007; Henkel, 2006; Wijnen-Meijer &
Batenburg, 2007), competition knowledge (Dahlander & Wallin, 2006; Lerner & Tirole,
2001, 2004; Wijnen-Meijer & Batenburg, 2007), adoption of the OSS model and ideas
(Bonaccorsi & Rossi, 2006; Lerner & Tirole, 2001, 2004; Wijnen-Meijer & Batenburg,
2007), human capital improvement (Bonaccorsi et al., 2006; Bonaccorsi & Rossi, 2006;
Hars & Ou, 2002; Henkel, 2006, 2009; Lakhani & Wolf, 2005; Lerner & Tirole, 2001,
2004; Wijnen-Meijer & Batenburg, 2007), user-driven innovation (Bonaccorsi & Rossi,
2006; Henkel, 2006, 2009; Lerner & Tirole, 2001, 2004; von Hippel & von Krogh, 2003).
On sources of organizational motivation Androutsellis-Theotokis et al. write:
“Companies seem to gain from their participation as well, through privileged
access to a high-quality product and its development process, as well as exposure
to user-driven innovation, higher reputation and visibility, human capital
improvement, and improved employee morale” (2011, pp. 190-191).
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In addition to research sub-streams dedicated to studying either individual or
organizational motivation, some studies focus on comparing motivations of both groups
of FLOSS participants. For example, based on their large-scale survey of 146 Italian
firms, participating in FLOSS projects, researchers (Bonaccorsi & Rossi, 2004; Rossi &
Bonaccorsi, 2005) analyze motivations of the firms and individual participants in FLOSS
communities. They find significant differences between these two categories of
participants, as well as the fact that pragmatic business motivations of firms do not
damage the community as long as they are in line with community rules.
Forms of Sponsorship in FLOSS Projects
Recent IS literature illustrates significant interest of FLOSS researchers to the
topic of firms’ participation in FLOSS communities (Capra et al., 2009; Dahlander &
Wallin, 2006; Riehle, 2010; Riehle & Berschneider, 2012; Santos, 2008). While this
participation can vary in forms of sponsorship, it can be argued that this variation is
dependent on firms’ business models. Androutsellis-Theotokis et al. (2011) identify the
following most popular FLOSS-related business models: value-added packaging, services
and support, loss-leader model, widget frosting, accessorizing, dual-licensing, brand
licensing, software franchising, and financial support. Naturally, the biggest difference in
a form of participation can be seen between firms producing software and the rest of the
ecosystem. The organizational sponsorship research stream in FLOSS literature includes
studies on strategic advantages of adopting FLOSS (Meeker, 2008; Raymond, 1999;
West, 2003; Wijnen-Meijer & Batenburg, 2007), strategic planning and risk management
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(Behlendorf, 1999; Bonaccorsi et al., 2006), business models (Krishnamurthy, 2005),
mechanisms of FLOSS adoption (Fitzgerald, 2006; Henkel, 2006, 2009; West, 2003),
licensing (Meeker, 2008), creating or joining FLOSS ecosystems, cultural (Henkel, 2009;
Lerner & Tirole, 2001) and organizational changes (Bonaccorsi et al., 2006), adjustment
of marketing strategy and much more.
Sponsorship as Success Factor in FLOSS
Most FLOSS success factors studied in the literature can be classified as
community-oriented and product-oriented (Deodhar, Saxena & Ruohonen, 2010).
Community-oriented factors are characteristics of a FLOSS community, such as
developer satisfaction, reputation, community service quality, participation intention.
Product-oriented factors (perhaps better would be called project-oriented) represent
characteristics of a FLOSS project itself, such as the project’s age, size, network
embeddedness, software quality and licensing. Deodhar et al. suggest a new FLOSS
success factors category and a corresponding new direction for FLOSS success research:
firm-oriented success factors. In particular, they propose to consider firm’s business
model and organizational legitimacy as FLOSS success factors. This reflects the rapidly
emerging trend of participation of firms and organizations in FLOSS communities via
their sponsorship of the corresponding FLOSS projects.
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Governance in Sponsored FLOSS Projects
Governance in sponsored FLOSS projects represents a highly important topic
since organizational sponsorship brings significant governance challenges to both
sponsoring firm (organization) and sponsored FLOSS community. Stuermer (2009)
discusses these challenges and shows that goals of achieving sustainable competitive
advantage require sponsoring firms to balance between intentions to fully control the
project and maximize openness of the community and introduce or follow the appropriate
governance mechanisms. The above-mentioned balance can be achieved by using various
governance mechanisms. For example, Henkel (2009) studies the dual allegiance issue
and finds that employed FLOSS developers play significant role in firms’ open sourcing
decision making processes. He calls these developers “champions of revealing”, which
emphasizes their role beyond simply being an intermediary, but also as firms’ advocates.
Additionally, he finds that managerial concerns about opening too much source code are
overestimated and that a more positive approach to openness in FLOSS projects will
enable firms to benefit more from the open innovation aspect of FLOSS development.
In the same open innovation stream of research, Schaarschmidt (2012) analyzes
how firms manage innovation in sponsored FLOSS projects beyond organizational
boundaries with hybrid governance mechanisms, such as motivation of developers,
contributions to FLOSS projects, choice of licenses and business models. Researchers
also emphasize the importance of knowledge sharing as a mechanism of governance of
dual allegiance aspect of FLOSS development (Chan & Husted, 2010; Lin, 2006).
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In the sub stream of research focused on coordination and conflict management in
sponsored FLOSS projects, van Wendel de Joode (2004) studies relationships between
firm-supported developers and voluntary developers and identifies four governance
mechanisms for this dimension: third-party intervention, modularity, parallel software
development lines, and the exit option.
Existing research literature recognizes the conflict between FLOSS community
values and organizational values (Daniel, Maruping, Cataldo et al., 2011). Competitive
dynamics involving firms, sponsoring open source projects, present paradox of giving
away or sharing valuable corporate resources. However, this can be explained by the
model of private-collective innovation, where public goods are created through private
funding (von Hippel & von Krogh, 2003). Following this model, sponsored FLOSS
communities form inter-organizational relationships, triggering some benefits in a form
of knowledge creation (learning) and reputation, which, in turn, may provide sponsoring
organizations with a source of sustained competitive advantage (Stuermer, 2009).
Gurbani, Garvert and Herbsleb (2010) analyze approaches to managing the
development of sponsored open source software, which they call corporate open source
(COS) and consider as a corporate reusable asset. This study discusses differences in the
governance of traditional (non-sponsored) FLOSS and COS projects across the following
dimensions: social and political infrastructure (leadership and decision making), technical
infrastructure (feature design, coding, release management, workflow), end-user formal
support, licensing, and funding.
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Another interesting stream of research on governance in sponsored FLOSS
projects are studies using concept and framework of socio-technical congruence (STC) as
a lens of inquiry. The STC concept is concerned with the problem of coordination of
activities during product development and has two dimensions, technical and social.
Based on their earlier work on STC, Cataldo, Herbsleb and Carley (2008) propose an
STC framework and corresponding measures. They present limitations of traditional
modularization approach to complexity and argue that development teams, especially
geographically distributed, like FLOSS projects, are especially prone to mismatches
between recognized and actual dependencies and, therefore, can greatly benefit from
reducing these mismatches. Studying the relationship between task dependencies and
technical dependencies as well as the impact of task dependencies on development
productivity, they show a strong relationship between team design, coordination and
performance. Extending this research, Wagstrom (2009) proposes using STC measures
not only on organizational level, but also on individual level. He also provides valuable
practical recommendation stakeholders in sponsored FLOSS projects, such as individual
participants, commercial firms as well as for creators of communities, foundations and
ecosystems. Additionally, Wagstrom analyzes governance mechanisms within a FLOSS
foundation, collaboration between firms within FLOSS ecosystem and the impact of
firms’ involvement in FLOSS projects on the community volunteer participation.
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Detailed Research Model and Hypotheses
The detailed research model of FLOSS success and the selected factors, based on
conceptual analysis in the preliminary study, is presented in Figure 4 below. A detailed
presentation of FLOSS success factors, dimensions, corresponding attributes and metrics
is provided in Table 16 and Table 17 in Appendix A.
Governance
License OSI compliance
License restrictiveness
Voluntary contribution
Project control
Working practices

FLOSS Success
Org. Sponsorship
Sponsorship type
Legal form
Commercial support

Control Variables
Project maturity
Community size
Software type

Figure 4. Detailed Conceptual Research Model
The role and significance of governance and organizational sponsorship in the
success of FLOSS development has increasingly been a topic of interest in some research
studies (de Laat, 2007; Capra, Francalanci, & Merlo, 2008; Lattemann & Stieglitz, 2005;
Markus, 2007; O’Mahony, 2007; O’Mahony & West, 2005; von Krogh & von Hippel,
2006). Being an IS concept of theoretical and practical importance, governance occupies
a significant place in current FLOSS literature as a topic of research, while sponsorship is
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much less investigated. The FLOSS licensing stream of research is mostly concerned
with the effect of open source software license OSI compliance (Capra et al., 2008) and
license restrictiveness (Stewart et al., 2006; Subramaniam, Sen, & Nelson, 2009) on the
success of FLOSS projects. Since providing internal development resources to FLOSS
projects by their sponsors is a growing trend, there is a need to assess the effect of the
ratio of voluntary contributors (versus paid developers) on the projects’ governance and
their success (Capra et al., 2008). FLOSS researchers also hypothesize the effect of other
dimensions of governance on the project’ success, in particular they are interested in the
role of projects’ formal control and coordination structure (hierarchy) and distributed
(virtual) working practices (Capra et al., 2008).
The role of sponsorship in FLOSS success represents a topic of current research
interest. In particular, Stewart et al. (2006) studied the effect of existence of a sponsor as
well as the type of sponsoring organization (market or nonmarket) on user interest in
FLOSS projects. Some researchers believe that legal form of organizational sponsorship
plays significant role in the success of FLOSS projects (de Laat, 2007; O’Mahony, 2007).
Based on the preliminary model of FLOSS success, review of the literature, as
well as the analysis of governance and sponsorship streams of FLOSS research, presented
above, the following research hypotheses were proposed:
H1. Governance has a significant and positive effect on FLOSS success.
H2. Organizational sponsorship has a significant and positive effect on FLOSS
success.
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H3. Project maturity has a significant and positive effect on FLOSS success.
H4. Governance has a significant and positive effect on FLOSS success indirectly
through mediating effect of organizational sponsorship on FLOSS success.
H4.1. Governance has a significant and positive effect on organizational
sponsorship as part of mediated effect of governance on FLOSS success.
H4.2. Organizational sponsorship has a significant and positive effect on FLOSS
success as part of mediated effect of governance on FLOSS success (as in H2).
H4.3. Project maturity has a significant and positive effect on FLOSS success as
part of the mediation model (as in H3).
H5. Governance has a significant and positive effect on FLOSS success as a part
of the moderation model.
H5.1. Project maturity significantly moderates the effect of governance on
FLOSS success.
H6. Organizational sponsorship has a significant and positive effect on FLOSS
success as a part of the moderation model.
H6.1. Project maturity significantly moderates the effect of organizational
sponsorship on FLOSS success.
H7. Project maturity has a significant and positive effect on FLOSS success as a
part of the moderation model.
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This study tested these hypotheses toward the development of a comprehensive
model of the FLOSS success. In order to validate the hypotheses, the presented study
utilized a phased approach and included the phases described below.

Significance of this Dissertation Research
The review of literature, presented in this study, clearly indicates the need to
further study success factors in FLOSS development. Corresponding model of FLOSS
success could serve as a common platform for the future theoretical and empirical multidisciplinary FLOSS research. The presented dissertation builds on previous research by
DeLone and McLean (2003), Crowston et al. (2006a), Markus (2007), O’Mahony (2007),
Capra et al. (2009) and Stewart et al. (2006), among others. The D&M IS Success Model
(2003) represents a general approach to defining and assessing IS success. There is a
need to identify additional success measures that are specific to FLOSS (Crowston et al.).
This study explored validated IS success constructs and measures from the D&M IS
Success Model (2003) and conceptually analyzed their applicability to the FLOSS
context. In order to reflect complexity of the FLOSS phenomenon, this study assessed
and added applicable validated constructs and measures related to governance and
organizational sponsorship from theories within IS and other disciplines. Therefore, the
presented study contributes to the emerging body of knowledge on FLOSS by:


determining the role and significance of governance and sponsorship in the
success of FLOSS development;
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validating the proposed model of FLOSS success;



identifying practical implications of the study to FLOSS development;



determining ideas for further research in the area of the study.
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Chapter 3
Methodology
Research Design
Information systems field has a long tradition of positivist research. However, it is
the opinion of many researchers that need for better understanding of the complexity of
IS topics requires a wider use of interpretive methods towards the more comprehensive,
multi-perspective approach to IS research (Orlikowski & Baroudi, 1991). As Scacci
notes: “… different research methods involve trade-offs when compared to one another,
so that no single research method will be best in all situations or studies” (2006, p. 55).
The presented dissertation is an empirical study and, at its core, used quantitative
methodology (Balnaves & Caputi, 2001; Bryman, 2012). The preliminary study used
conceptual analysis as a research method (Margolis & Laurence, 2011). Research design
of this dissertation (main study) represents a randomized natural field experiment, where
data collected (“mined”) from one or more FLOSS repositories (“field”) were analyzed
statistically in order to test proposed hypotheses and answer stated research questions.

Unit of Analysis
According to Scacchi (2007), the unit of analysis focuses on “what or who is
being studied, across some spatio-temporal extent within some work setting” (p. 278).
The presented study used a FLOSS project as the unit of analysis. This choice was based
on the assumption that project is the main element of a software development process.
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Therefore, it appears that studying social and technological factors at the project level
represents the best approach to understanding their nature and impact on the project
success.

Statistical Sampling
In the presented dissertation, the statistical population was defined as all FLOSS
(development) projects. The sampling frame was identified as a subset of FLOSS
projects, located in one of the FLOSS projects repositories (for more details, see section
“Data Collection and Validation” further in this document). This frame is representative
of the population because the selected repository (SourceForge) is the world’s largest and
it contains information about a very wide variety of highly different FLOSS projects.
Crowston et al. (2006a) note that in order to estimate (calculate) such measures as
community size and speed of defect fixing it is justified to restrict the sample of projects
to a certain minimum numbers of developers and defects. Their study established the
limitation of more than 7 developers and more than 100 defects, which resulted in the
identification of 140 projects that met both criteria.
However, as discussed in the section “Barriers and Issues” above, there exist a
potential problem of insufficient variance on success due to selecting mostly (or only)
successful projects for a research study sample. To address this problem, the presented
study followed recommendations (Crowston et al., 2006a) to build a sample with a broad
range of FLOSS projects, including the ones that clearly seem to be unsuccessful or
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failed. Therefore, this dissertation used probability sampling. In particular, simple
random sampling was selected as a sampling method for this study. This allows using
statistical inference within the scope of the presented research. Sample size was selected
depending on the chosen optimal SEM method and/or the construct complexity, based on
required minimal sample size, commonly recommended for SEM analysis: for CB-SEM
– at least 100-150 cases (Gefen, Straub & Boudreau, 2000), and for PLS-SEM – at least
10 times the number of items (formative indicators or structural paths) in the most
complex construct (Gefen et al., 2000; Hair, Ringle & Sarstedt, 2011). More details on
the above-mentioned terminology are presented further in this dissertation in the sections,
dedicated to SEM methodology.

Measurement of Variables
For identification of variables (concepts) and their measures in a conceptual
research phase, researchers use various approaches, such as literature reviews, focus
groups and surveys (Crowston et al., 2006a). The presented study used review of the
literature in order to identify measures of studied concepts and to develop operational
definitions for each variable (concept) and measure.
The proposed research model of this study includes independent variables
(governance and organizational sponsorship), dependent variables (success of FLOSS
projects) and control variables (project maturity, community size, software type). The
empirical phase of the study measured these variables through the corresponding
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measures (attributes) and metrics (indicators). Current selection of measures, metrics and
the corresponding data specifications is based on the review of the literature on
measurement of governance, sponsorship and FLOSS development. In particular,
research literature suggest that restrictiveness and OSI compliance of FLOSS licensing,
voluntary contribution, project control and working practices represent important aspects
of FLOSS governance (Capra et al., 2008; Stewart et al., 2006; Subramaniam et al.,
2009). Other research literature sources suggest the essential role of such aspects of
organizational sponsorship as type of sponsorship, its legal form and the availability of
commercial support for corresponding FLOSS project (de Laat, 2007; O’Mahony, 2007;
Stewart et al., 2006).
The presented study views the dependent variable, FLOSS success, as a concept
similar in nature (software use versus information system use) to IS success. Therefore,
this dissertation operationalized FLOSS success in a manner similar to the D&M model
(DeLone & McLean, 2003), in particular, considering the following dimensions:
information quality, system quality, service quality, intention to use, and use. It can be
argued that adding public interest in a FLOSS project as additional dimension reflects its
value as a potentially important measure of FLOSS success (Crowston et al., 2006a;
Stewart et al., 2006; Subramaniam et al., 2009).
As any complex phenomena, FLOSS success is a multidimensional concept.
While the main dimensions of the FLOSS success and its factors (limited by the
dissertation topic) were modeled by the above-mentioned independent and dependent
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variables, there are other factors that may have effects on the dependent variable in this
study. Previous research suggest that FLOSS success factors may have different influence
on the success depending on other variables, in particular: maturity of a FLOSS project,
size of its community and the type of software that the project delivers (Crowston et al.,
2006; Schweik & English, 2007; Stewart et al., 2006; Stewart & Gosain, 2006b). In order
to control for the effects of these factors, the corresponding variables were included in the
proposed research model. The inclusion of these variables in the model (and subsequent
statistical analysis) allowed for the conclusion that the results hold true regardless of (the
effects of) the control variables.
Therefore, this dissertation focused on the above-mentioned aspects of the
constructs under investigation and, thus, these aspects were selected as the study’s set of
independent, dependent and control variables. This selection, along with data collection
methods and references to the related studies, is presented in Table 16 and Table 17 in
Appendix A.

Data Collection and Validation
The initial plan for the presented study was to use mainly secondary data,
collected by FLOSS researchers and made available for reuse through the FLOSSmole
project (http://flossmole.org; Howison, Conklin & Crowston, 2006). While various
repositories of FLOSS data are available for research, the FLOSSmole solution is more
favorable as its database includes data sets that are up-to-date, clean and comprehensive
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as the data are gathered from multiple FLOSS project repositories, such as SourceForge,
Freecode (formerly Freshmeat), Rubyforge, ObjectWeb, Free Software Foundation,
SourceKibitzer, Savannah, Github, Launchpad, and Google Code. It was planned that the
rest of the data will be collected via Internet search and some trusted databases, such as
CrunchBase. However, due to data availability, formats incompatibility and quality
constraints, the final research analysis and results evaluation are based on the largest,
comprehensive and most representative data source: SourceForge.
In order to ensure the validity of the planned statistical analysis, the presented
study performed screening (validation) of the collected data. In accordance with modern
statistical theory and practice, the data screening focused on the following issues:
missing data, outliers, multivariate normality, univariate normality, linearity,
homoscedasticity, collinearity, and relative variances (Kline, 2011).

Data Analysis
Introduction
Conventionally, the initial step of data analysis in the presented study included
calculating descriptive statistics of the sample of projects and the corresponding selected
measures. The study then examined statistical relationships between the measures using
correlation analysis to determine if these measures measure the same or different things
(Crowston et al., 2006a). Finally, in order to identify causal relationships (Markus &
Robey, 1988) between components of the proposed model of FLOSS success as well as
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to test the model, this study used structural equation modeling (SEM) family of methods.
The following sections contain significant amount of statistical terminology, including
one specific to SEM methodology, which would be inappropriate to include in the section
“Definition of Terms” in this report. Therefore, interested readers might find useful to
review a glossary section in a solid research paper (e.g. Gefen et al., 2000).
Traditionally, IS researchers used such statistical techniques as principal
component analysis, factor analysis, discriminant analysis, or multiple regression.
However, recently there has been a significant increase in the number of IS studies,
where SEM techniques are used. In particular, SEM has become increasingly popular in
studies focusing on IS success (Chau, 1997; Gil-García, 2005; Kettinger & Lee, 1994;
Khalifa & Liu, 2003; Kim, Eom & Ahn, 2005; Rai et al., 2002; Sabherwal, Jeyaraj &
Chowa, 2006; Song & Zahedi, 2005; Tan, 2001; Wixom and Watson, 2001).
Why Use Structural Equation Modeling?
The increasing popularity of using SEM in social sciences in general and in IS
research in particular is due to the comprehensiveness of this technique, as it combines
benefits of multiple regression, path analysis, factor analysis, time series analysis, and
analysis of covariance. Considered as a second generation of multivariate statistical
analysis techniques (Fornell, 1987), SEM has significant advantages over the firstgeneration techniques by providing possibilities to: model relationships between multiple
predictor and criterion variables; model such concepts as unobservable (latent) variables;
model errors in measurement for observable variables; statistically test structural and
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measurement models against empirical data; test overall models rather than individual
coefficients, test models with multiple dependent variables; model mediating variables;
model error terms; handle multiple between-subject groups; handle erroneous, nonnormal or incomplete data; better approach model misspecification (Chin, 1998a).
While SEM is better suited for confirmatory analysis, this technique can be used
for exploratory analysis as well (Anderson & Gerbing, 1988; Asparouhov & Muthén,
2009; Gefen, Rigdon & Straub, 2011; Marsh, Muthén, Asparouhov, Lüdtke et al., 2009).
The range of potential applications of SEM in IS research includes construct validation
(Segars & Grover, 1993), instrument validation (Boudreau, Gefen & Straub, 2001), as
well as model development and testing (Gefen et al., 2000, 2011). The above mentioned
features and advantages of SEM indicate that this technique represents the best approach
to data analysis in this dissertation study. Therefore, SEM was selected as the main
method of the quantitative data analysis in the presented dissertation research.
Stages and Approaches in SEM
Traditionally, SEM process consists of the following stages (Kline, 2011):


model specification;



model identification;



estimation of model’s parameters;



assessment of model fit;



model modification;



model replication and revalidation.
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Based on these stages, there are three approaches to using SEM for model
development and analysis (Jöreskog & Sörbom, 1996):
1. Strictly confirmatory approach. A selected (given) structural model is tested
against the data to determine the fit. The disadvantage of this approach is that other
unexamined models could exist that may fit the data as well or better.
2. Alternate models approach. This approach is generally better than the first one
as it involves testing of two or more models to determine which has the best fit. The
potential problem with this approach is the lack of several well-developed alternative
models in a specific research area.
3. Model development approach. According to the literature, this is the most
common approach. First, a model is tested using SEM procedures. Then, if the model is
found to be deficient, an alternative model is tested based on changes suggested by SEM
modification indexes. The problem with this approach is that confirmed models might not
be stable (fit new data). This problem may be solved by using a cross-validation strategy,
where model is developed and confirmed by using two independent data sets (calibration
and validation, correspondingly). The presented study used this approach informally.
Additionally, this study followed well-known recommendation for performing SEM
analysis as a two-step process (Anderson & Gerbing, 1988): 1) formulate and test the
measurement model; if it fits the data (validity is confirmed), then 2) proceed with
analysis of the corresponding structural model. Details on structural and measurement
models are provided further in the corresponding section (“Models of SEM”).
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Types of SEM Methodology
SEM techniques can be classified into two main types: covariance-based SEM
(CB-SEM) and component-based SEM (usually referred to as PLS-SEM, by the name of
the most widely used method of this type PLS, an abbreviation from partial least
squares). Within the CB-SEM group, linear structural relations (LISREL) method
represents the most widely used method. LISREL is usually based on the maximum
likelihood (ML) covariance structural analysis (Jöreskog & Sörbom, 1981) and is widely
used in social science research. The power of LISREL is in statistical precision and is
considered an approach of choice for testing a priori correct theoretical models (Fornell
& Bookstein, 1982). However, LISREL modeling and CB-SEM methodology in general
has some significant limitations, such as strict requirements of measurement scales,
sample size and data distribution.
According to Fornell and Bookstein (1982), in cases when CB-SEM is not well
applicable, PLS-SEM is a feasible alternative. They note that the PLS approach (Wold,
1982; Falk & Miller, 1992) is free from many CB-SEM’s restrictions and eliminates the
above-mentioned problems of improper solutions and factor indeterminacy. These two
approaches are considered complementary and depend on the purpose of research and the
nature of indicators. CB-SEM is considered as more suitable for confirmatory research,
while PLS – for exploratory research (Anderson & Gerbing, 1988; Fornell & Bookstein,
1982). On this very important aspect Hair et al. (2011) note:
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“The philosophical distinction between CB‑SEM and PLS‑SEM is
straightforward. If the research objective is theory testing and confirmation, then
the appropriate method is CB‑SEM. In contrast, if the research objective is
prediction and theory development, then the appropriate method is PLS‑SEM.”
(p. 140).
Due to the lack of solid theoretical base on the selected topic, the presented study
is considered exploratory. Considering advantages and disadvantages of both CBSEM
and PLS-SEM across important criteria, such as, primarily, suitability for exploratory
research, as well as ability to ensure model convergence, ability to analyze formative
latent variables, sample size requirements flexibility, tolerance for non-normal data
distribution, tolerance for archival data, and statistical power of a SEM method (Chin,
2010; Gefen et al., 2011; Hair et al., 2011; Henseler, Ringle & Sinkovics, 2009; Ringle,
Sarstedt & Straub, 2012), it has been determined that PLS-SEM is clearly the optimal
choice and, therefore, was used as the SEM method in the presented study.
Types of Models in SEM
SEM methodology distinguishes two types of models with latent constructs:
structural model and measurement model. In PLS-SEM they are usually referred to as
inner and outer, correspondingly. It is important to note that PLS-SEM permits recursive
relationships, but not causal loops. In the context of a structural model, SEM uses the
term exogenous to describe independent variables – latent constructs that do not have
structural path relationships pointing at them, and the term endogenous to describe
dependent variables – latent constructs that are “explained” by other constructs in a
structural model (Hair et al., 2011). While the structural model displays the relationships
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(causal paths) between latent constructs, the measurement model displays “unidirectional
predictive relationships between each latent construct and their associated observed
indicators” (Hair et al., p. 141). In other words, structural model is concerned about
relationship between constructs, while measurement model – about relationship between
constructs and their measures (Freeze & Raschke, 2007).
Based on the causal structure of latent variables in a measurement model, SEM
recognizes two types of measurement models: reflective and formative. In the reflective
model, a latent variable is considered as the cause of an item or indicator, and not vice
versa. In contrast, in the formative model, a latent variable (construct) is considered as a
composition formed from independent, but correlated, variables (hence the term
formative). These independent variables are in essence the indicators of the formative
construct (Jarvis, Mackenzie & Podsakoff, 2003).

Research Phases
This study tested the proposed hypotheses toward the development of a
comprehensive model of the FLOSS success. In order to validate the hypotheses, the
presented study utilized a phased approach and included the phases described below.
Phase 1: Preliminary Study. The initial phase of the presented study followed an
extensive multi-disciplinary review of the literature on the following topics: ‘IS
development’, ‘IS success’, ‘FLOSS development’, ‘FLOSS success’, ‘governance’ and
‘organizational sponsorship’. This phase represented conceptual (theoretical) exploratory
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research and produced the sufficient level of understanding and the foundation of
knowledge required in order to develop the preliminary model of FLOSS success. This
phase included the conceptual analysis as well as the production of the formal proposal.
In particular, Phase 1 included the following steps:
1. Review existing major concepts and models of IS success and select the
fundamental constructs applicable to the presented study’s topic.
2. Review existing FLOSS research models and concepts and select the
fundamental constructs applicable to the topic.
3. Review theories, concepts and studies from information systems and software
engineering disciplines, and select the applicable constructs and measures.
4. Develop preliminary and detailed conceptual research models of FLOSS
success, based on the findings in this phase.
5. Formulate hypotheses in regard to the relationships between components of
the detailed conceptual research model.
Phase 2: Pilot Quantitative Research. The second phase of the presented study
examined the practicality and validity of the proposed detailed model of FLOSS success.
This phase presented the operationalization of the model’s constructs via selected
measures and assessed their internal validity. Based on the results of the analysis, this
research phase produce the revised detailed model of FLOSS success. In particular, Phase
2 included the following steps:
1. Select FLOSS success measures and develop their operationalizations.
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2. Choose appropriate instruments for pilot measurement.
3. Prepare corresponding materials for distribution (questionnaires, etc.), if any.
4. Request an IRB approval of the study, if required.
5. Select FLOSS projects, appropriate for performing pilot data collection. An
approximate lower bound on the sample size is determined via estimation,
based on statistical power analysis (Cohen, 1988, 1992). Calculation, based on
desired statistical power of 0.8, anticipated effect size of 0.3-0.5 (“medium”),
3 latent variables, 14 observed variables, and probability level of 0.05,
produces the recommended minimum sample size of 89. For more details,
refer to section “Sample Size Assessment” below.
6. Perform pilot data collection in accordance with chosen methods.
7. Perform statistical analysis of the collected data in order to validate
corresponding components and determine relationships between them.
8. Discuss the results of the pilot data analysis and make necessary changes in
the initial detailed model of FLOSS success to produce the revised model.
Phase 3: Main Quantitative Research. The third phase of the presented study
examined relationships between the corresponding components of the revised model of
FLOSS success. This phase used the structural equation modeling technique to test the
proposed revised model. This research phase included discussion of the results of the
analysis, where each of the proposed hypotheses was either accepted (failed to reject) or
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rejected. This phase also presented conclusions and suggestions for future research. In
particular, Phase 3 included the following steps:
1. Perform main data collection in accordance with chosen methods. For pilot
data collection an approximate lower bound on the sample size is determined
via statistical power analysis estimation and is equal 89. Considering the “138
rule” heuristics, the approximate lower bound on the sample size for the main
data collection should be 140. For more details, refer to section “Sample Size
Assessment” below.
2. Test the proposed revised model by using the SEM technique.
3. Test each of the proposed hypotheses (H1 – H9).
4. Perform critical analysis of the results and discuss the findings.
5. Draw conclusions and present suggestions for future research.

Structural Model and Measurement Model
Based on the proposed detailed conceptual model of FLOSS success (hereafter
also referred to simply as research model) and the operationalization of its constructs via
the selected measures (Table 16 and Table 17 in Appendix A), the following structural
and measurement models were specified and combined into a single diagram, as
presented in Figure 5 below. Rectangles represent corresponding latent variables’ factors
and indicators, numbers in parentheses mean corresponding number of measures per
operationalization.
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G1 (1)
G2 (1)
G3 (1)
G4 (1)

FS1 (2)
Governance

FS2 (3)

G5 (1)
FLOSS Success

FS3 (2)
FS4 (1)

OS1 (2)

Org. Sponsorship

FS5 (3)

OS2 (2)

FS5 (3)

OS3 (1)
C1
(1)

C2
(1)

C3
(1)

Sample Size Assessment
Figure
5. SEM
Model
of FLOSS
Success
Driven by
the SEM
method,
selected
for this dissertation, the following section
presents known recommendations on determining the necessary sample size for this
research study. The most general, not specific to SEM analysis, approach to determining
the necessary sample size is based on a priori statistical power analysis (also called
prospective power analysis), which allows to determine sample size sufficient to have a
specified power for given significance criterion and population effect size (Cohen, 1988,
1992). Another two approaches, both specific to SEM methodology, allow determining
the necessary sample size as a function of (1) the ratio of indicator variables to latent
variables or (2) minimum effect, power and significance (Westland, 2010, 2012a). It
should be noted, however, that for non-normal data, such as one measured with Likert
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scales, sample sizes of at least one to two orders of magnitudes larger may be needed
(Westland, 2012b).
Additionally, there exist a number of scientific rules of thumb (heuristics), which
are quite popular among researchers in social sciences in general and IS in particular.
One such heuristic, known as “10 times rule”, specifies that required minimal sample size
for PLS-SEM should be at least 10 times the number of items (formative indicators or
structural paths) in the most complex construct (Gefen et al., 2000; Hair, Ringle &
Sarstedt, 2011). Another recommendation for sample size in a PLS-SEM study is based
on maximum complexity of construct, desired significance level, and desired minimum
R-squared values (to achieve a statistical power of 80 percent). For example, for a 5items construct, standard significance level of 5 percent, and minimum R-squared equal
to 0.50, the recommended sample size is 45, whereas changing the input parameters to 10
items, 1 percent and 0.25, correspondingly, yield recommended sample size of 123. Yet
another heuristic is the so called the “138 rule”, which is recommends to use 138 as a
sample size, especially in case if the “10 times rule” produced a lower value. There is no
strong mathematical foundation for this so far, but it has been reported in the SEM
community as a heuristic, producing consistent results (Kock, 2013). Therefore, this was
considered as secondary information when finalizing the sample size.
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Validity and Reliability
Based on the analysis of best practices of SEM use in research literature, this
research study used a set of validation heuristics presented in Table 5 below.
Table 5. Heuristics for Statistical Validity
Validity

Criterion

Model / Method

Heuristic

Construct
validity

Convergent
validity

Reflective / PCA

AVE should be higher than
0.50 (Hair et al., 2011).

Discriminant
validity

Reflective / SEM

The AVE of each latent
construct should higher than
the construct’s highest
squared correlation with any
other latent construct
(Fornell-Larcker criterion)
(Gefen et al., 2000; Hair et al.,
2011).
An indicator’s loadings
should be higher than all of its
cross loadings (Gefen et al.,
2000; Hair et al., 2011).

Reliability

Internal
consistency
reliability
(Composite
reliability)

Reflective /
Cronbach’s α

Cronbach’s α should be above
0.60 for exploratory research
and above 0.70 for
confirmatory research (Gefen
et al., 2000; Hair et al., 2011).

Indicator
reliability

Reflective / SEM

Indicator loadings should be
above 0.70 (Gefen et al.,
2000; Hair et al., 2011).
(Table 5 continues)
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(Table 5 continued)
Validity

Criterion

Model / Method

Heuristic

Measurement
model validity

Indicator
significance

Formative / PLS
bootstrapping
(details in Hair et
al. (2011))

Significant t-values (critical tvalues for a two-tailed test
are: 1.65 (p=0.10), 1.96
(p=0.05), and 2.58 (p=0.01))
[p – significance level].

Indicator
collinearity

Formative / PLS

Each indicator’s VIF value
should be less than 5.

Heterogeneity

Formative / PLS
(details in Hair et
al. (2011))

-

Coefficient of
determination
(Squared multiple
correlations)

PLS

R-squared values for
endogenous latent variables:
0.75 (substantial), 0.50
(moderate), and 0.25 (weak);
another source: 0.67, 0.33,
0.19 (Chin, 1998b)

Path coefficients
significance

PLS
bootstrapping
(details in Hair et
al. (2011))

Significant t-values (critical tvalues for a two-tailed test
are: 1.65 (p=0.10), 1.96
(p=0.05), and 2.58 (p=0.01))
[p – significance level].

Effect size

PLS

f-squared value.

Predictive
relevance

PLS blindfolding
(details in Hair et
al. (2011))

Q-squared values greater than
0. Also q-squared values.

Heterogeneity

Formative / PLS
(details in Hair et
al. (2011))

-

-

PLS

A nested model is rejected if it
does not yield a significant fsquared (Gefen et al., 2000).

Structural
model validity

Nested models
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Chapter 4
Results
Research Workflow: Reproducible Research Approach
Workflow of the presented dissertation study was designed to follow as closely as
possible the reproducible research (RR) methodology (Gandrud, 2013). RR is based on
the idea of reproducibility, which is one of the main principles of the scientific method.
RR is an important modern trend toward making scientific discovery process more open
and research studies easier to be reproduced and, thus, more valid. This methodology
matches the presented study especially well, as the study 1) uses open data and 2) is
concerned about open source software.
The core of the workflow was built around three main components: the R Project
for Statistical Computing (R Core Team, 2014), hereafter frequently referred to as R), the
study’s project directory tree and Make. Simple, but flexible structure of the project
directory tree enabled logical separation of different functional parts of the study’s
software, data and results. Make refers to file-based dependency-tracking build system
(Bostock, 2013), such as GNU Make – a well-known open source and multi-platform
software. Using Make software enabled ease of maintenance of dependencies between
the presented study’s components and phases and ensured the study’s maximum
reproducibility (Jones, n.d.).
In addition to the above-mentioned core components of the study’s workflow, the
following essential tools were used for making the presented research reproducible:
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Software development: RStudio IDE;



Cloud computing and virtualization: Amazon Web Services (AWS);



Cloud storage (source code and some data): AWS and GitHub;



Revision control: Git and GitHub;



Document format conversion: LaTeX, R Markdown, pandoc;



Literate programming and presentation: knitr and other R packages.

Design of Research Software
The author of this dissertation designed and developed research software (Blekh,
2014) that implements planned data collection and analysis phases. The main goals for
designing software for the presented research were ease of use, research reproducibility
and validity of the results. The software designed and implemented for this dissertation is
an open source software project and both the software and the project are named DISSFLOSS (its lower case variant “diss-floss” is an alternative name). The project is hosted
at GitHub repository and the project’s source code and supplementary materials can be
found there at the following URL: http://github.com/abnova/diss-floss-official.
DISS-FLOSS consists of the following major functional components:
1. Data collection module (sub-directory ‘import’);
2. Raw data storage (sub-directory ‘cache’);
3. Data preparation module (sub-directory ‘prepare’);
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4. Prepared data storage (subdirectories ‘transformed’, ‘merged’, ‘ready4eda’,
‘ready4efa’, ‘ready4cfa’ and ‘ready4sem’)
5. Data analysis module (sub-directory ‘analyze’);
6. Analysis results storage (sub-directories ‘results’, ‘figures’, ‘present’);
7. Miscellaneous modules (subdirectories ‘config’, ‘sandbox’, ‘utils’);
8. Miscellaneous storage (subdirectories ‘bib’, ‘present’).
The workflow that DISS-FLOSS software implements in regard to interaction
between data, software modules and research phases is depicted in Figure 6:

Figure 6. Research Workflow: Data-Software-Artifacts Perspective
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Reformulated Hypotheses
The following research hypotheses were proposed and tested.
H1. Governance has a significant and positive effect on FLOSS success.
H2. Organizational sponsorship has a significant and positive effect on FLOSS
success.
H3. Project maturity has a significant and positive effect on FLOSS success.
H4. Governance has a significant and positive effect on FLOSS success indirectly
through mediating effect of organizational sponsorship on FLOSS success.
H4.1. Governance has a significant and positive effect on organizational
sponsorship as part of mediated effect of governance on FLOSS success.
H4.2. Organizational sponsorship has a significant and positive effect on FLOSS
success as part of mediated effect of governance on FLOSS success (as in H2).
H4.3. Project maturity has a significant and positive effect on FLOSS success as
part of the mediation model (as in H3).
H5. Governance has a significant and positive effect on FLOSS success as a part
of the moderation model.
H5.1. Project maturity significantly moderates the effect of governance on
FLOSS success.
H6. Organizational sponsorship has a significant and positive effect on FLOSS
success as a part of the moderation model.
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H6.1. Project maturity significantly moderates the effect of organizational
sponsorship on FLOSS success.
H7. Project maturity has a significant and positive effect on FLOSS success as a
part of the moderation model.

Data Collection
FLOSSmole
Some of the repositories represented in FLOSSmole database contain old data and
some contain information about FLOSS projects within a relatively narrow domain. In an
effort to increase representativeness of the study’s sample, it was decided to exclude the
above-mentioned repositories in the study’s population. Therefore, for the presented
study, the following repositories were used (information in parentheses represents
repository code as well as data collection month and year for each repository):


FreeCode (fc, December 2013)



Free Software Foundation (fsf, November 2012)



Google Code (gc, November 2012)



LaunchPad (lpd, September 2012)



Savannah (sv, December 2013)



Tigris (tig, December 2013)

DISS-FLOSS software collected FLOSS projects data from FLOSSmole by
automatically downloading these predefined data sets in its original format (bzip2-
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compressed tab-separated files), decompressing, parsing and storing the data as R objects
(R data frame) in the project’s sub-directory ‘cache’ in the server’s file system. This
approach allowed to minimize time, effort and computing resources during rebuilding
and re-running software by comparing digests (checksums) of each saved archive (stored
as an R object) and corresponding original archive.
SourceForge
SourceForge Research Data Archive (SRDA) provides researchers access to their
database via Web forms interface, which requires manually filling in a form with desired
SQL query and then submitting the form. The result of the query is then stored in a file,
generated by the system, with a hyperlink to the file presented on the refreshed Web
page. Since the presented study required information from multiple tables within SRDA
database, it was decided to use R package (RCurl) in order to automate SourceForge data
collection via simulating (emulating) of the manual process. Using the above-mentioned
approach, the DISS-FLOSS software collected data, following the required by SRDA
authentication process and issued credentials, so that the process fully complied with the
SRDA research license.
AngelList and CrunchBase
Both data sources (AngelList and CrunchBase) provide APIs that allow data
retrieval via HTTP-based requests (so called RESTful APIs). Authentication is required
for some AngelList requests and for all CrunchBase requests. The author obtained
authentication credentials from CrunchBase, while for AngelList data collection is was
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not needed. DISS-FLOSS used provided APIs for data collection by making appropriate
requests, retrieving API replies in JSON format, parsing the returned data and storing it
as R objects in the server’s file system.

Data Sampling
After the data, collected in the data collection phase and stored in the server file
system, a sampling procedure was performed in order to obtain a representative subset of
data for further analysis. Preliminary screening of the whole set of collected data revealed
significant ratio of missing data for some categories. This certainly introduced a threat to
validity of the presented study. However, since there is no reason to believe that the data
is missing due to some systemic factors, this threat to validity was considered acceptable.
More detailed information on missing data in this study and procedures for handling it are
provided below. It can be noted that an inquiry in regard to revealing potential systemic
effects from missing data might be a worthwhile topic of further related research.
Obtained data sample was split into two subsets: pilot data set and main data set,
which corresponds to traditional sampling approach in statistics-based disciplines, such
as machine learning, where corresponding terms are usually training and test data sets.
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Exploratory Data Analysis
Following standard research methodology approach, prior to the core phases of
data analysis (CFA and SEM, for this study), an exploratory data analysis (EDA) was
performed. Note, that exploratory factor analysis (EFA), while also exploratory in nature,
corresponds to further phase of this study and, thus, the corresponding section is located
outside of the current one. Since both pilot and main data sets are identical parts of the
same randomly selected data set and all further statistical analysis had to be performed,
using either of the two, the EDA was performed, using only the pilot data set.
Data Screening
Descriptive statistics of the pilot data set (N = 500,000), including measures of
central tendency (mean, median), position (minimum, maximum, quantiles), dispersion
(variance, standard deviation, range and interquartile range) and shape (modality,
skewness and kurtosis), is summarized in Table 6 below (note that N in the table reflect
observations with partially missing data that were used in the subsequent analyses).

97

Table 6. EDA Results: Descriptive Statistics of the Pilot Data Set
Indicator

N

Mean

Preferred.Support.Type

31638

0.27

Development.Team.Size

44173

Project.Age

SD

Median

Min

0.45

0

0.00

2.05

3.07

1

28170

114.70

36.89

Project.License*

28532

10.12

License.Category*

29684

License.Restrictiveness*

Max

Skew

Kurtosis

1.0

1.02

-0.97

1.00

99.0

8.56

121.08

108

48.75

195.8

0.26

-0.82

20.37

3

1.00

84.0

2.83

6.42

1.05

0.22

1

1.00

2.0

3.98

13.88

25581

1.54

0.78

1

1.00

3.0

1.00

-0.63

Development.Stage*

32098

3.49

1.59

4

1.00

7.0

-0.10

-0.84

Project.Stage*

32098

1.40

0.68

1

1.00

4.0

1.98

4.16

Software.Type*

39630

3.24

1.62

4

1.00

5.0

-0.45

-1.48

User.Community.Size

13149

18296.02

202763.55

488

1.00

8257025.0

24.86

755.06

* Categorical variable, for which some statistics are not applicable
As part of EDA, a plot matrix was created in order to visually summarize most
important data patterns, as shown in Figure 7 below. More detailed information about the
pilot data set can be found in paragraphs below (textual) and in the Appendix B (visual).
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Figure 7. EDA Results: Plot Matrix for Summary Visual Overview of Data

The maximum value (Max) for categorical variables represents total number of
categories for corresponding indicators. Further details about data distribution in terms of
these categories are available in exploratory bar chart plots, presented in Figure 14 and
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Figure 15 in Appendix B. For continuous variables (binned data), exploratory histogram
plots (Figure 16, Figure 17, Figure 18 and Figure 19 in the same Appendix B) reveal data
patterns, consistent with theoretical assumptions and practical evidence from the subject
domain.
Bivariate data analysis includes assessment of linear relation between pairs of
variables. Traditional measure of such relation is a correlation coefficient, for which
usually a Pearson product-moment correlation coefficient is used; the exception for this
is non-linear relationships, for which Spearman rank correlation coefficient is more
suitable. The plot matrix reveals that variables in the pilot data set are correlated between
each other with relatively small correlation coefficient (r) values, ranging from 0.01 to
0.20. The most highly correlated variable pairs are project age / software type, project
age / development team size, as well as license restrictiveness / software type with r =
0.18, r = 0.19 and r = 0.20, correspondingly. Assessment by observing scatterplots,
embedded into the plot matrix, was consistent with these findings.
Based on performed visual screening of the data set distribution shapes as well as
calculating some exploratory statistics (see below), the data exhibits the following
patterns in terms of linearity, homoscedasticity and multicollinearity (Kline, 2011):


Relationship between development team size and project age is non-linear;



Relationship between user community size and project age is non-linear;



Relationship between user community size and development team size is
linear;
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Project age, development team size and user community size are
heteroscedastic in relationships between each pair;



Variables do not exhibit extreme collinearity, as calculated values for the
variance inflation factor (VIF) were very close to 1.

The analysis of the boxplots from the plot matrix reveals existence of outliers that
are especially pronounced for development team size.
As can be seen from the descriptive statistics table, the data contains a significant
amount of missing values. This represents a serious problem, which, nevertheless, was
addressed in this study by missing data handling software module (part of DISS-FLOSS).
Creating a strategy for handling data with missing values requires knowledge about
patterns as well as whether data is missing completely at random (MCAR), missing at
random (MAR) and missing not at random (MNAR). As part of EDA efforts, two MCAR
tests were performed: one developed by Little (1988) and its more modern cousin by
Jamshidian, Jalal and Jansen (2014). Both tests confirmed that the data set contains
missing data being not MCAR. The approach that this study uses for handling missing
data is multiple imputation (MI). Note that MI is applicable to data as long as the data is
MCAR or MAR, which is the case for this study’s data sets. Multiple imputation results
are described in detail in section “Data Preparation” below.
In order to assess univariate normality of variables in the data set, normal Q-Q
plots were created (Figure 21 and Figure 22). User community size appears to be the only
variable exhibiting univariate normality, as can be seen from the shape of the
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corresponding data distribution on the matrix plot. While project age is not exactly
univariate normal, but rather close, mixture analysis, performed as part of EDA, revealed
(see Figure 20) that this variable distribution represents a mixture of three normal
distributions, which can be interpreted as a sign of presence of different sub-populations
in the sample. All tests, performed to assess multivariate normality (Mardia’s, HenzeZirkler’s and Royston’s) determined that the data is not multivariate (MV) normal. This
can also be confirmed by reviewing Q-Q Mahalanobis distance plot (Figure 23).
Data Preparation
In order to perform a valid and comprehensive statistical analysis, data is usually
prepared by applying various techniques, aimed at mitigating deficiencies of data as well
as of research design or used research methods. This research study followed established
approaches to data preparation along the following dimensions (Kline, 2011).
Transformations. Development team size and user community size were logtransformed after EDA (for further analysis) to compensate for high skewness and very
high kurtosis. Project age data was log-transformed to compensate for very wide range.
Logarithm transformations were also applied to the same indicators prior to other
analyses, namely: mixture distribution analysis, missing data handling and CFA.
Outliers. Establishing corresponding limits for excluding outliers from data
collection, data merging as well as CFA, allowed maintaining good validity due to
preventing analysis of non-representatively skewed data. In particular, outlier control for
development team size was implemented as a configurable parameter (equal to 100).
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Missing data. Based on missing data assessment during EDA, handling missing
data was performed by using multiple imputation method, applicable to data, which is not
multivariate normal. In particular, this study used multiple imputation, using chained
equations (MICE), which is implemented in R package ‘mice’.
Univariate normality. In order to compensate for the lack of univariate normality,
some continuous indicators data were log-transformed to normalize, as mentioned above.
Multivariate normality. No transformations were performed for MV normality.
Linearity and homoscedasticity. These potential problems were addressed by
excluding outliers from the data set, prepared for further analyses.
Relative variances. No transformations were made for this issue, while, if needed,
this could be addressed by multiplying variables in question by a constant (performing
linear transformation of ill-scaled covariance matrices).

Exploratory Factor Analysis
In order to determine number of factors and factor structure for the proposed SEM
model, an EFA of the pilot data set was performed. Parallel analysis suggested extracting
four factors. As an additional validation for this, “Kaiser’s rule” heuristic (factors with
eigenvalues greater than 1) was applied and visualized by a scree plot (Figure 8). In order
to account for the model’s “noise”, this heuristics transforms into extracting factors of an
observed data set with eigenvalues greater than eigenvalues of a simulated data set
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factors. Based on this rule and rounding to the next smallest number, four was determined
as the number of factors to extract, which matches the hypothesized number of factors.

Figure 8. EFA Results: Scree Plot for Determining Number of Factors to Extract
Upon determining number of factors to extract, EFA was performed, using
various rotation and model fitting methods: principal axis, promax, bi-factor, ULS and
WLS. EFA results (Table 7) were largely similar across used rotation and model fitting
methods as well as with high indicator loadings, suggesting a clear factor structure.
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Table 7. EFA Results: Summary by Rotation Method
Indicator
Principal Axis
1

2

3

4

1

Rotation or Model Fitting Method
Promax
Bi-factor
ULS
Factor
2 3 4
1
2 3 4 1 2 3 4

WLS
1

2

3

4

License.Category
.59
.57
License.Restrictiveness
.91
.91
.8
.93
.94
Preferred.Support.Type
.46
.47 .47
.46
.37
.84
.81
.34
Preferred.Support.Resource 1.54
1.88 -.95
2.03
-.72
.88 -.46
.93
Project.Age
.75
.75
.71
.89
.94
.91
Project.Stage
.66 -.32 .83
.52
.95
Development.Team.Size
.32
.31
.35
.5
.38
.48
.38
User.Community.Size
.94
.93
.97
.88
.87
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It should be noted that numbering of factors differs from one rotation or model
fitting method to another due to internal logic of underlying EFA software. Thus, simple
reviewing of the results is not always enough to conclude on the agreement between EFA
(rotation) methods. However, a more detailed look at the loadings, along with a
visualization of the EFA results (see below), was helpful for understanding the model’s
factor structure.
Based on obtained EFA results, DISS-FLOSS software automatically generated a
diagram, which visualizes latent factor structure, determined in the process of EFA. The
best EFA model, based on combined criteria of best overall fit and subject domain
knowledge, was selected and presented in Figure 9. This model essentially represents a
measurement model part of the complete SEM model that was analyzed. The other EFA
models can be found in the Appendix C.

Figure 9. EFA Results: Measurement Model Diagram (ULS)*
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*Legend (for Figure 9): Latent variables (factors): 1, 2, 3, 4; Indicators (items): PA –
project age, DT – development team size, UC – user community size, LC – license
category, PST – preferred support type, PSR – preferred support resource, PrS – project
stage, LR – license restrictiveness.
Based on the EFA results, it appears that latent factor structure is as follows:
project age, development team size and community user size load primarily on factor 1,
which likely represents FLOSS success latent variable; preferred support type, preferred
support resource and license category load primarily on factor 2, which likely represent
organizational sponsorship latent variable; project stage loads primarily on factor 3,
which likely represents project maturity latent variable; license restrictiveness loads
primarily on factor 4, which likely represent project governance latent variable. This
latent factor structure very well matches the one that was hypothesized in terms of the
content. Performed assessment of validity and reliability of the proposed constructs can
be found in the corresponding section of this chapter below (“Validity and Reliability”).

Confirmatory Factor Analysis
In order to confirm the uncovered by EFA structure of latent factors, CFA was
performed, using lavaan software (Rosseel, 2012) in a form of R package, version 0.5-17.
Indicator loadings for license category, preferred support type, project age and
development team size were fixed at 1. Estimation process converged normally after 55
iterations. Based on the estimated model parameters (see Appendix F), validity of the
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latent factor structure, discovered during EFA, was confirmed. In other words, this
analysis confirmed validity of measurement model part of the proposed SEM model.
Results of the performed CFA are presented in tabular form in Table 8 below.
Visual presentation of these results in the form of a measurement model (CFA) diagram
is shown in Figure 10 below.
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Table 8. CFA Results: Summary of Measurement Model Parameters
Indicator / Factor

Factor
Governance Sponsorship

License.Category
1.00 (0.00)
License.Restrictiveness
0.05 (0.04)
Preferred.Support.Type
1.00 (0.00)
Preferred.Support.Resource
-3.43***
(0.47)
Project.Age
Project.Stage

Maturity

1.00 (0.00)
1.38***
(0.02)

Development.Team.Size
User.Community.Size
Governance
Sponsorship
Maturity
Success
Fit Measures

Success

1.00 (0.00)
11.91***
(0.15)
0.08
0.09
0.02
0.02

0.09
0
0.02
0.04

0.02
0.02
0.03
0.05

0.02
0.04
0.05
0.05

χ2

df

p

CFI

RMSEA

3292.86
14
0
0.93
0.05
Notes: *** indicate values, significant at p < 0.001; standard errors in parentheses.
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Figure 10. CFA Results: Measurement Model Diagram
Legend: Latent variables (factors): Gvr (governance), Spn (organisational sponsorship), Mtr
(project maturity), Scc (FLOSS success); Indicators (items): LC – license category, LR – license
restrictiveness, PST – preferred support type, PSR – preferred support resource, PA – project age,
DT – development team size, PrS – project stage, UC – user community size.

SEM Analysis
Based on the research approach and plans, established in the methodology section
above, the proposed full SEM model was analyzed by using PLS-SEM techniques. In
order to simultaneously assess both measurement and structural models, plspm software
(Sanchez, 2014) was used in a form of R package, version 0.4.1.
Performed SEM analysis included analyzing three alternative SEM models: with
direct effects only, with mediation effects and with moderation effects. Results of PLSSEM analysis of the structural models (parameter estimates, standard errors, t- and pvalues) are presented in tabular form for each alternative model in Table 9, Table 10 and
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Table 11 (for these results, number of significant digits were intentionally increased in
order to provide more accurate values for standard errors). The same results are also
visualized and presented as SEM structural model diagrams in Figure 11, Figure 12 and
Figure 13. The rest of the results (analysis of the measurement models) can be found in
Appendix D (visual) and Appendix G (textual).
Table 9. SEM Results: Parameters Estimates (Direct Effects Model)
Intercept
Governance
Sponsorship
Maturity

Outcome

Estimate

SE

t

p

Success
Success
Success
Success

0
0.016
-0.103
0.627

0.003
0.003
0.003
0.003

0
6.133
-39.28
239.9

1
8.64e-10
< 2e-16
< 2e-16

Table 10. SEM Results: Parameters Estimates (Mediation Model)
Intercept
Governance
Intercept1
Governance1
Sponsorship
Maturity

Outcome

Estimate

SE

t

p

Sponsorship
Sponsorship
Success
Success
Success
Success

0
-0.027
0
0.018
-0.103
0.626

0.003
0.003
0.003
0.003
0.003
0.003

0
-7.872
0
6.959
-39.37
238.7

1
3.54e-15
1
3.45e-12
< 2e-16
< 2e-16
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Table 11. SEM Results: Parameters Estimates (Moderation Model)
Intercept
Governance
Sponsorship
MaturityGov
MaturitySpon
Maturity

Outcome

Estimate

SE

t

p

Success
Success
Success
Success
Success
Success

0
-0.07
-0.038
0.005
0.267
0.402

0.003
0.008
0.004
0.007
0.012
0.013

0
-8.678
-9.361
0.812
21.89
30.75

1.000
<2e-16
<2e-16
0.417
<2e-16
<2e-16

Figure 11. SEM Results: Structural Model Diagram (Direct Effects)
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Figure 12. SEM Results: Structural Model Diagram (Mediation)
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Figure 13. SEM Results: Structural Model Diagram (Moderation)
SEM Model Modification
As a part of the SEM analysis, some modification of one of the models was
performed. This modification was done in order to assess potential improvements in
indicator loadings, weights and overall model fit. The results of the model modification
showed no pronounced improvements in the above-mentioned criteria. Any additional
potential model modifications might be done on an as needed basis and performing the
subsequent SEM analyses is targeted for the future research studies on this topic.
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Alternative SEM Models
This research study analyzed three alternative models: with direct effects only,
with mediation effects and with moderation effects. The results for all three are presented
above. The discussion and conclusions, taking into account these alternative models, are
presented in the following sections. The quality of these models can be compared at a
high level by reviewing the following indices, presented in Table 12.
Table 12. SEM Results: Alternative Models Comparison
Model
Direct effects
Mediation
Moderation

GoF
0.475
0.336
0.453

R2
0.411
0.409
0.425

Validity and Reliability
Since this dissertation’s subject domain lacks solid theoretical foundation and
well-developed constructs, CFA and SEM represent important steps not only for testing
hypothesized factor structure, but for determining its descriptive and explanatory power.
This is done by determining validity and reliability of proposed constructs and their
structure. Since SEM analysis in this study includes assessment of both structural and
measurement models, determining of constructs’ validity and reliability was done, based
on the results of SEM analysis. The assessment of validity and reliability was based on
criteria, specified in the corresponding section of the Methodology chapter (Table 5). The
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results of the assessment of validity and reliability of the proposed and analyzed SEM
model are presented in Table 13 and Table 14.

Table 13. SEM Results: Validity and Reliability (Preparation)
Construct

C’s α

DG’s ρ

AVE

Gov

Spon

Mat

Succ

Governance
0.000238
0.667
0.500
0.2500
Sponsorship
0.005530
0.668
0.500 -0.0258
0.2500
Maturity
0.192509
0.712
0.535
0.0277 -0.0429
0.2862
Success
0.529443
0.810
0.666
0.0361 -0.1301
0.6323 0.4436
Notes: C’s α is Cronbach’s α and DG’s ρ is Dillon-Goldstein’s ρ (rho). Numbers
in bold represent AVE squared, which should be higher than any factor correlations.
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Table 14. SEM Results: Validity and Reliability (Assessment)
Criterion
1
2
3
4
5
6
7
8
9
10

Construct
Governance

Sponsorship

Maturity

Success

Satisfied
Not Satisfied
Satisfied
Not Satisfied
Satisfied
Not Satisfied
Not Satisfied
Satisfied
Not Satisfied
Satisfied

Satisfied
Not Satisfied
Satisfied
Not Satisfied
Satisfied
Not Satisfied
Satisfied
Satisfied
Not Satisfied
Satisfied

Satisfied
Not Satisfied
Satisfied
Not Satisfied
Satisfied
Not Satisfied
Satisfied
Satisfied
Not Satisfied
Satisfied

Satisfied
Not Satisfied
Satisfied
Not Satisfied
Satisfied
Satisfied
Satisfied
Satisfied
Satisfied
N/A

Notes:
Criterion 1 (construct validity): AVE should be higher than 0.50;
Criterion 2 (construct validity): AVE of each latent construct should higher than
the construct’s highest squared correlation with any other latent construct;
Criterion 3 (indicator validity): An indicator’s loadings should be higher than all
of its cross loadings;
Criterion 4 (construct reliability): Cronbach’s α should be above 0.60 for
exploratory research and above 0.70 for confirmatory research;
Criterion 5 (construct reliability): Dillon-Goldstein’s ρ is greater than 0.7;
Criterion 6 (indicator reliability): Indicator loadings should be above 0.70;
Criterion 7 (measurement model validity): Significant t-values for indicators;
Criterion 8 (measurement model validity): Each indicator’s VIF value should be
less than 5;
Criterion 9 (structural model validity): R-squared values for endogenous latent
variables: 0.75 (substantial), 0.50 (moderate), and 0.25 (weak); another source: 0.67,
0.33, 0.19;
Criterion 10 (structural model validity): Significant t-values for path coefficients;
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Hypotheses Testing
As described in this dissertation’s research statement, one of the specific goals of
this study was to validate the proposed SEM model by testing corresponding hypotheses.
Based on performed SEM analysis, the following results in terms of hypotheses testing
were achieved. They are presented in a tabular form for each hypothesis in Table 15.
Table 15. Hypotheses Testing Results
Hypothesis

Supported

Significant

No
No
Yes

Yes
Yes
Yes

No
No
No
Yes

Yes
Yes
Yes
Yes

No
No
No
Yes
Yes

Yes
No
Yes
Yes
Yes

Direct Effects
H1. Governance  FLOSS Success
H2. Org. Sponsorship  FLOSS Success
H3. Project Maturity  FLOSS Success
Mediation Effects
H4. Governance  Org. Sponsorship  FLOSS Success
H4.1. Governance  Org. Sponsorship
H4.2. Org. Sponsorship  FLOSS Success
H4.3. Project Maturity  FLOSS Success
Moderation Effects
H5. Governance  FLOSS Success
H5.1. Governance x Maturity*  FLOSS Success
H6. Org. Sponsorship  FLOSS Success
H6.1. Org. Sponsorship x Maturity*  FLOSS Success
H7. Project Maturity  FLOSS Success
Note: * denotes moderator construct.
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Chapter 5
Conclusions
Discussion
Hypothesized latent structure of the proposed research model was successfully
uncovered by performing EFA. Development team size and user community size, as
expected, can serve as measures of success for FLOSS projects. Project stage measures
project maturity. License restrictiveness represent project governance, while supportrelated indicators partially measure organizational sponsorship. This measurement model
was validated by CFA with mixed results. That is expected, based on the limited set of
indicators due to data availability and quality issues for some indicators. Nevertheless,
overall assessment of validity and reliability of measurement and structural models was
promising, confirming the choice of using the selected approach of SEM to study the
phenomenon of FLOSS projects and their success.
The results of structural model assessment and hypotheses testing confirm strong
positive and significant effect of project maturity on FLOSS success. This result makes
sense, as it can be argued that the more mature a FLOSS development project is, the
higher is quality of its team (Michlmayr, 2005). Consequently, it can be argued that the
higher is the quality of the team, the less mistakes are made and, therefore, the smoother
are organizational processes within the project (O’Mahony & Ferraro, 2007; Stewart &
Gosain, 2006b). All of the above-mentioned effects eventually enable success of the
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project. The lack of support for other potential success factors are mostly due to currently
limited availability of quality data, which could be used in the analysis.

Implications
Results of this research have some implications for both, participants in FLOSS
projects, as well as organizations willing to sponsor new or existing FLOSS projects. The
strong positive effect of project maturity on FLOSS success underlines the critical
importance of creating a high quality and stable team, which is the foundation of any
project. Therefore, creators and maintainers of FLOSS projects should focus their efforts
on establishing a high quality team. They should achieve that by attracting talented and
enthusiastic people for all roles and on supporting excellent team culture, where team
members would feel their impact to the project. Cross-training and knowledge sharing are
also very important for ensuring the stability of a team. This directly affects the maturity
of a project, which, as this research showed, leads to success. The confirmed significant
role of project maturity also has important implications for organizations.

Limitations
In terms of the proposed and tested hypotheses, this study was limited to analysis
of only static effects of latent factors on the dependent variable. This research study did
not address dynamic effects (also known as simple effects) as well as sensitivity analysis.
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In terms of SEM structural model, the proposed research model, which was tested
and validated in this study, provides a limited assortment of constructs, as it covers only
several potential factors of FLOSS success, namely project governance, organizational
sponsorship and project maturity.
In terms of SEM measurement model, this dissertation study is limited in the
assortment of indicators, explaining each latent factor (construct). This is mostly due to
the issues with data availability and quality for some indicators, initially planned for use.
In terms of data sources, this study used a subset of data source, initially planned
to be used for this research. However, this limitation is expected to have an insignificant
impact on this study’s validity and generalizability, since the single data source that was
used – SourceForge – is the largest and most comprehensive database of FLOSS projects
worldwide.

Future Research
There are multiple dimensions, along which the presented research could be
improved and extended. One of such dimensions is performing more complex types of
analysis, such as dynamic (simple) effects as well as sensitivity analysis, as noted above.
In addition to that, performing time-focused research of FLOSS success seem to provide
an interesting and useful avenue of research. In particular, time-series analysis and latent
curve analysis can be considered as valid research directions. Multi-group analysis also
represents and interesting and promising direction of research efforts.
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Another dimension for future research is improvement of the proposed research
model in both depth and width of coverage. In particular, SEM structural model and
measurement model could be improved by including carefully selected and validated
latent constructs and measures (indicators), correspondingly.
Yet another research opportunity to enhance the presented research study would
be statistical power analysis and determining the effect sizes of uncovered relationships
between latent factors. Both aspects imply rather complex tasks for SEM methodology,
especially considering data quality issues, such as missing data, as well as data nonnormality and measurement errors (. Finally, improving the coverage of this research in
terms of data sources as well as data availability and quality could also be beneficial to
the presented research for improving its validity, reliability and generalizability.

Summary
The results of this dissertation study, in particular, the results of hypotheses
testing, provide only partial support for the proposed SEM model of FLOSS success.
This was expected, as the subject domain of FLOSS development currently lacks strong
theoretical foundation, research streams are disconnected and none of the studies from a
rather large amount of research offer a comprehensive and relatively accurate model of
such complex phenomenon as FLOSS development. Considering the above, the presented
research can be seen as an important step toward establishing solid theoretical foundation
for FLOSS research, in particular, FLOSS success research. This study also provides a

122

blueprint of applying reproducible research approach to FLOSS research and IS
research, in general. Recommendations from the discussion above, can be useful for two
categories of stakeholders. Firstly, those recommendations can help people, creating,
contributing or managing FLOSS projects. Secondly, they can help various organizations
and their management, considering sponsoring existing or new FLOSS projects. For both
of categories, the recommendations can help in focusing the stakeholders’ efforts on
aspects, which are determined to be critical for the success of the projects. The author of
this research hopes that it will enable better understanding of the exciting and complex
phenomena of FLOSS and its success. Consequently, that will enable building a solid
foundation toward a comprehensive model and theory of FLOSS and FLOSS success.
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Appendix A
Measurement of FLOSS Success: Factors and Dimensions
Table 16. Data Specification for FLOSS Success Factors
Variable Name

Attribute / Measure

References

Data Source

Data Collection Method

Capra et al., 2008

Metric / Indicator
(Values)
Ratio of OSS code (compliant with
the definition by the OSI (2012))
(0%, <=80%, >80%, 100%)

License OSI compliance

SRDA
FLOSSmole
GitHub

License restrictiveness

Stewart et al.,
2006;
Subramaniam et
al., 2009

Degree of license restrictiveness
(‘unrestrictive’ (BSD-type),
‘restrictive’ (LGPL-type), ‘highly
restrictive’ (GPL-type))

SRDA
FLOSSmole
GitHub

Voluntary contribution

Capra et al., 2008

Ratio of voluntary contribution
(0%, <20%, <50%, >80%)

FLOSSmole

Automatic extraction of project
license attribute and
transforming (coding) it into
this attribute per operational
definition
Automatic extraction of project
license attribute and
transforming (coding) it into
this attribute per operational
definition
Manual extraction and coding
per operational definition

Project control

Capra et al., 2008

Degree of openness in projects’
control and coordination structure
(hierarchy)

FLOSSmole

Manual extraction and coding
per operational definition

Working practices

Capra et al., 2008

Degree to which working and
communication practices are
geographically distributed and
virtual

FLOSSmole

Manual extraction and coding
per operational definition

Governance
(GVRN)
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(Table 8 continues)
(Table 8 continued)
Variable Name

Organizational
Sponsorship
(SPONS)

Attribute / Measure

References

Metric / Indicator
(Values)
Type of sponsorship
(‘market’, ‘nonmarket’, ‘no
sponsor’)

Data Source

Data Collection Method

Sponsorship type

Stewart et al.,
2006

Project info1

Manual extraction and coding
per operational definition

Legal form

de Laat, 2007;
O’Mahony, 2007

Legal form of sponsorship
(‘non-profit foundation’, ‘for-profit
foundation’, ‘no legal form’)

Project info

Manual extraction and coding
per operational definition

Existence and flexibility of
commercial support options

Project info

Manual extraction and coding
per operational definition

Schweik &
English, 2007;
Stewart & Gosain,
2006b
Stewart et al.,
2006

Project stage
(‘alpha’, ‘beta’, ‘stable’)

FLOSSmole

Manual extraction and coding
per operational definition

Project’s age in months
(per registration)

FLOSSmole

Manual extraction and coding
per operational definition

Development team size

Crowston et al.,
2006

Number of registered developers
Posts to developer mailing lists

FLOSSmole

Manual extraction and coding
per operational definition

User population

Crowston et al.,
2006

Number of users

FLOSSmole

Software type

Stewart et al.,
2006

Software audience (market)

FLOSSmole;
Project info

Commercial support

Project stage
Project Maturity
(PRJMAT) (*)2
Project age

Community Size
(CMSIZE) (*)

Software Type
(SWTYPE) (*)
1
2

Hereafter this refers to project’s description on its website (home page) and/or in its repository.
(*) indicate control variables.

Manual extraction and coding
per operational definition
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Table 17. Data Specification for FLOSS Success Dimensions
Variable Name

Attribute / Measure

Metric / Indicator
(Values)
Existence of comprehensive and
user-friendly set of references to
various project’s resources

Data Source

Data Collection Method

Project info

Manual extraction and coding
per operational definition

Documentation Quality

Existence of various project
documents

Project info

Manual extraction and coding
per operational definition

Modularity of source
code

Number of source directories;

FLOSSmole

Manual or automatic extraction
and calculation if needed

Information Management
Information Quality
(INFQ)

References

Average source lines of code
(SLOC) per module
System Quality
(SYSQ)

Correctness

Defects density

FLOSSmole

Manual or automatic extraction
and calculation if needed

Manageability

Ratio of code under package
management;

FLOSSmole

Manual or automatic extraction
and calculation if needed;

Use of defect database

Service Quality
(SERVQ)

Manual extraction and coding
per operational definition

Community support

Existence and comprehensiveness
of community support resources

Project info

Manual extraction and coding
per operational definition

Commercial support

Existence and flexibility of
commercial support options

Project info

Manual extraction and coding
per operational definition

(Table 9 continues)
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(Table 9 continued)
Interest

Crowston et al.,
2006

Intention to Use
(INTUSE)

Popularity
Use (USE)

Public Interest
(INTRST)

3
4

Crowston et al.,
2006;
Cau et al., 2006

Number of project page views per
month;

FLOSSmole

Manual or automatic extraction;

Porting of code to other platforms;

Project info

Manual extraction and coding
per operational definition;

Development of competing
products or spinoffs
Number of downloads per month;

Project info
FLOSSmole

Manual extraction and coding
per operational definition
Manual or automatic extraction;

Number of backlinks (inbound
links) of the project’s home page

google.com3

Manual or automatic extraction

CrunchBase4
Internet
search
engines
Internet
search
engines

Manual data extraction
Manual Internet search

Market Share
Support Effectiveness
Commercial interest
Press interest

Number of users

Private interest

Amount of references on private
websites

Level of VC funding
Amount of references in online
publications

Using query ‘link:<domain name>’
Database of technology startups and their funding (http://www.crunchbase.com)

Manual Internet search
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Appendix B
EDA Analysis Results (Graphical)

Figure 14. Projects Distribution across Project.License Range

Figure 15. Projects Distribution across Project.Stage Range
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Figure 16. Projects Distribution across Development.Team.Size Range

Figure 17. Projects Distribution across Project.Age Range
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Figure 18. Project Distribution across Development.Team.Size Range (Log Scale)

Figure 19. Project Distribution across Development.Team.Size Range (Log Scale)
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Figure 20. Projects Distribution across Project.Age Range (Mixture Analysis)

Figure 21. Univariate Normality Assessment: Q-Q Plot for Project.Age
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Figure 22. Univariate Normality Assessment: Q-Q Plot for Dev.Team.Size

Figure 23. Multivariate Normality Assessment: Q-Q Plot for Mahalanobis Distance
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Appendix C
EFA Analysis Results (Graphical)
Legend (applicable to all EFA model diagrams here): Latent variables (factors): 1, 2, 3, 4;
Indicators (items): PA – project age, DT – development team size, UC – user community
size, LC – license category, PST – preferred support type, PSR – preferred support
resource, PrS – project stage, LR – license restrictiveness.

Figure 24. EFA Results: Measurement Model Diagram (Principal Axis)

Figure 25. EFA Results: Measurement Model Diagram (Bi-factor)
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Figure 26. EFA Results: Measurement Model Diagram (Promax)

Figure 27. EFA Results: Measurement Model Diagram (WLS)
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Appendix D
SEM Analysis Results (Graphical)

Figure 28. SEM Results: Loadings Diagram (Direct Effects Model)

Figure 29. SEM Results: Loadings Bar Chart (Direct Effects Model)
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Figure 30. SEM Results: Weights Diagram (Direct Effects Model)

Figure 31. SEM Results: Cross-Loadings Bar Chart (Direct Effects Model)
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Figure 32. SEM Results: Effects Bar Chart (Direct Effects Model)

Figure 33. SEM Results: Loadings Diagram (Mediation Model)
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Figure 34. SEM Results: Loadings Bar Chart (Mediation Model)

Figure 35. SEM Results: Weights Diagram (Mediation Model)
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Figure 36. SEM Results: Cross-Loadings Bar Chart (Mediation Model)

Figure 37. SEM Results: Effects Bar Chart (Mediation Model)
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Figure 38. SEM Results: Loadings Diagram (Moderation Model)

Figure 39. SEM Results: Loadings Bar Chart (Moderation Model)

169

Figure 40. SEM Results: Weights Diagram (Moderation Model)
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Figure 41. SEM Results: Cross-Loadings Bar Chart (Moderation Model)
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Figure 42. SEM Results: Effects Bar Chart (Moderation Model)
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Appendix E
EFA Analysis Output (Textual)

===== PERFORMING EXPLORATORY FACTOR ANALYSIS (EFA) =====
*** Loading data...
*** Calculating correlations...
*** Determining number of factors to extract...
Parallel Analysis (PA) - Method 1 ('psych'):
============================================
The estimated weights for the factor scores are probably incorrect. Try a
different factor extraction method.
Parallel analysis suggests that the number of factors = 4 and the number of
components = 4
Producing PA scree plot... Done.
Very Simple Structure (VSS) analysis:
=====================================
Very Simple Structure
VSS complexity 1 achieves a maximum of 0.84
VSS complexity 2 achieves a maximum of 0.94

with
with

The Velicer MAP criterion achieves a minimum of NA

6
6

factors
factors

with

1

factors

Parallel Analysis (PA) - Method 2 ('pcaPA'):
============================================
Currently disabled.
*** Performing factor analysis (FA)...
FA, using principal axis method:
================================
In fa, too many factors requested for this number of variables to use SMC for
communality estimates, 1s are used instead
maximum iteration exceeded
The estimated weights for the factor scores are probably incorrect. Try a
different factor extraction method.
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Rounded loadings matrix:
-----------------------Loadings:
PA1
PA2
PA3
PA4
License.Category
License.Restrictiveness
0.909
Preferred.Support.Type
0.460
0.474
Preferred.Support.Resource 1.539
Project.Age
0.750
Project.Stage
0.658
Development.Team.Size
0.321
User.Community.Size
0.937
PA1
PA2
PA3
PA4
SS loadings
2.580 1.545 0.825 0.657
Proportion Var 0.323 0.193 0.103 0.082
Cumulative Var 0.323 0.516 0.619 0.701
FA with 'promax' rotation:
===========================
In fa, too many factors requested for this number of variables to use SMC for
communality estimates, 1s are used instead
maximum iteration exceeded
The estimated weights for the factor scores are probably incorrect. Try a
different factor extraction method.
Rounded loadings matrix:
-----------------------Loadings:
PA1
PA4
PA2
PA3
License.Category
License.Restrictiveness
0.911
Preferred.Support.Type
0.466
Preferred.Support.Resource 1.877 -0.946
Project.Age
0.750
Project.Stage
-0.320 0.832
Development.Team.Size
0.308
User.Community.Size
0.926
PA1
PA4
PA2
PA3
SS loadings
3.842 1.586 1.516 0.830
Proportion Var 0.480 0.198 0.189 0.104
Cumulative Var 0.480 0.679 0.868 0.972
FA with 'quartimin' rotation:
=============================
Currently disabled.
FA, using Schmid-Leiman transformation:
=======================================
Currently disabled.
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FA with 'bi-factor' rotation:
============================
In fa, too many factors requested for this number of variables to use SMC for
communality estimates, 1s are used instead
maximum iteration exceeded
The estimated weights for the factor scores are probably incorrect. Try a
different factor extraction method.
Rounded loadings matrix:
-----------------------Loadings:
PA4
License.Category
License.Restrictiveness
Preferred.Support.Type
Preferred.Support.Resource
Project.Age
Project.Stage
Development.Team.Size
User.Community.Size

PA2

PA1

PA3
0.799

0.461
2.034

0.373
-0.725
0.706
0.516
0.353
0.969

PA4
PA2
PA1
PA3
SS loadings
4.350 1.563 0.930 0.638
Proportion Var 0.544 0.195 0.116 0.080
Cumulative Var 0.544 0.739 0.856 0.935
FA using ULS approach:
=====================
In fa, too many factors requested for this number of variables to use SMC for
communality estimates, 1s are used instead
Rounded loadings matrix:
-----------------------Loadings:
MR1
License.Category
License.Restrictiveness
Preferred.Support.Type
Preferred.Support.Resource
Project.Age
Project.Stage
Development.Team.Size
User.Community.Size

MR2
MR3
0.587

MR4
0.934

0.835
0.876 -0.464
0.894
0.939
0.503
0.880

0.381

MR1
MR2
MR3
MR4
SS loadings
1.827 1.810 1.097 1.018
Proportion Var 0.228 0.226 0.137 0.127
Cumulative Var 0.228 0.455 0.592 0.719
FA using WLS approach:
======================
In fa, too many factors requested for this number of variables to use SMC for
communality estimates, 1s are used instead
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Rounded loadings matrix:
-----------------------Loadings:
WLS2 WLS1 WLS3 WLS4
License.Category
0.571
License.Restrictiveness
0.937
Preferred.Support.Type
0.812
0.336
Preferred.Support.Resource 0.930
Project.Age
0.910
Project.Stage
0.946
Development.Team.Size
0.483
0.384
User.Community.Size
0.867
WLS2 WLS1 WLS3 WLS4
SS loadings
1.850 1.813 1.008 1.025
Proportion Var 0.231 0.227 0.126 0.128
Cumulative Var 0.231 0.458 0.584 0.712
FA using ML approach:
=====================
Currently disabled.
[1] "Model comparison results in the following best-fitted model:\n"
Factor analysis with Call: fa(r = corr.info$correlations, nfactors =
numFactors, n.obs = numObs,
rotate = "bifactor", max.iter = 500, fm = "pa")
Test of the hypothesis that 4 factors are sufficient.
The degrees of freedom for the model is 2 and the objective function was
13.78
The number of observations was 86364 with Chi Square = 1190015 with prob <
0
The root mean square of the residuals (RMSA) is 0.02
The df corrected root mean square of the residuals is

0.08

Tucker Lewis Index of factoring reliability = -9.845
RMSEA index = 2.625 and the 90 % confidence intervals are NA NA
BIC = 1189993
[1] "Model comparison results in the following best-fitted model:\n"
Factor analysis with Call: fa(r = corr.info$correlations, nfactors =
numFactors, n.obs = numObs,
rotate = "bifactor", max.iter = 500, fm = "pa")
Test of the hypothesis that 4 factors are sufficient.
The degrees of freedom for the model is 2 and the objective function was
13.78
The number of observations was 86364 with Chi Square = 1190015 with prob <
0
The root mean square of the residuals (RMSA) is 0.02
The df corrected root mean square of the residuals is

0.08

Tucker Lewis Index of factoring reliability = -9.845
RMSEA index = 2.625 and the 90 % confidence intervals are
BIC = 1189993

NA NA

===== EFA completed, results are in directory "~/diss-floss/results/efa"
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Appendix F
CFA Analysis Output (Textual)

===== PERFORMING CONFIRMATORY FACTOR ANALYSIS (CFA) =====
*** Loading data...
*** Performing CFA of the model...
lavaan (0.5-17) converged normally after

85 iterations

Number of observations

85500

Estimator
DWLS
Minimum Function Test Statistic
3292.858
Degrees of freedom
14
P-value (Chi-square)
0.000
Scaling correction factor
Shift parameter
for simple second-order correction (Mplus variant)

Robust
2205.294
14
0.000
1.497
5.772

Model test baseline model:
Minimum Function Test Statistic
Degrees of freedom
P-value

47656.690
28
0.000

33515.629
28
0.000

0.931
0.862

0.935
0.869

0.052
0.054
0.005

0.043
0.041
1.000

8.854

8.854

User model versus baseline model:
Comparative Fit Index (CFI)
Tucker-Lewis Index (TLI)
Root Mean Square Error of Approximation:
RMSEA
90 Percent Confidence Interval
P-value RMSEA <= 0.05

0.051

0.044

Weighted Root Mean Square Residual:
WRMR
Parameter estimates:
Information
Standard Errors
Latent variables:
Governance =~
License.Ctgry
Lcns.Rstrctvn
Sponsorship =~
Prfrrd.Sppr.T
Prfrrd.Sppr.R

Expected
Robust.sem
Estimate

Std.err

Z-value

P(>|z|)

Std.lv

Std.all

1.000
0.050

0.040

1.240

0.215

0.291
0.015

0.291
0.015

1.000
-3.425

0.471

-7.273

0.000

0.020
-0.068

0.020
-0.068
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Maturity =~
Project.Age
Project.Stage
Success =~
Dvlpmnt.Tm.Sz
Usr.Cmmnty.Sz
Covariances:
Governance ~~
Sponsorship
Maturity
Success
Sponsorship ~~
Maturity
Success
Maturity ~~
Success

1.000
1.381

0.020

68.984

0.000

0.174
0.240

0.525
0.240

1.000
11.914

0.145

81.951

0.000

0.230
2.741

0.357
0.959

0.094
0.025
0.021

0.012
0.003
0.002

7.570
9.212
9.480

0.000
0.000
0.000

16.351
0.486
0.320

16.351
0.486
0.320

0.021
0.039

0.001
0.001

14.998
31.099

0.000
0.000

6.205
8.475

6.205
8.475

0.051

0.001

74.235

0.000

1.286

1.286

0.000
0.000
0.000
0.000
4.649
0.000
0.370
3.970
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
14.043
0.000
0.574
1.389
0.000
0.000
0.000
0.000

2.028
0.468
0.940
0.680
-4.071
0.567
1.655
1.925

2.028
0.468
0.940
0.680
-4.071
0.567
1.655
1.925

1.000
1.000
1.000
1.000
0.915
1.000
1.000
0.995
0.079
0.942
0.361
0.657

1.000
1.000
1.000
1.000
0.915
1.000
1.000
0.995
0.724
0.942
0.872
0.080

Intercepts:
License.Ctgry
Lcns.Rstrctvn
Prfrrd.Sppr.T
Prfrrd.Sppr.R
Project.Age
Project.Stage
Dvlpmnt.Tm.Sz
Usr.Cmmnty.Sz
Governance
Sponsorship
Maturity
Success

0.000
0.000
0.000
0.000
4.649
0.000
0.370
3.970
0.000
0.000
0.000
0.000

Thresholds:
Lcns.Ctgry|t1
Lcns.Rstrct|1
Lcns.Rstrct|2
Prfrrd.Sp.T|1
Prfrrd.Sp.R|1
Projct.Stg|t1
Projct.Stg|t2
Projct.Stg|t3
Variances:
Governance
Sponsorship
Maturity
Success
License.Ctgry
Lcns.Rstrctvn
Prfrrd.Sppr.T
Prfrrd.Sppr.R
Project.Age
Project.Stage
Dvlpmnt.Tm.Sz
Usr.Cmmnty.Sz

0.001 4081.822

0.000

0.004
0.010

102.357
405.171

0.000
0.000

2.028
0.468
0.940
0.680
-4.071
0.567
1.655
1.925

0.010
0.004
0.005
0.005
0.165
0.005
0.007
0.009

209.675
104.995
186.119
145.759
-24.720
124.810
227.457
216.755

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.085
0.000
0.030
0.053
0.915
1.000
1.000
0.995
0.079
0.942
0.361
0.657

0.254
0.001
0.001
0.001

0.001
0.002
0.066
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Appendix H
SEM Analysis Output (Textual)

===== STRUCTURED EQUATION MODELING (SEM-PLS) ANALYSIS =====
*** Loading data...
*** Transforming data...
*** Building model "directEffects"...
*** Running PLS-PM analysis...
*** SEM-PLS analysis results:
PARTIAL LEAST SQUARES PATH MODELING (PLS-PM)
---------------------------------------------------------MODEL SPECIFICATION
1
Number of Cases
86364
2
Latent Variables
4
3
Manifest Variables
8
4
Scale of Data
Standardized Data
5
Non-Metric PLS
FALSE
6
Weighting Scheme
centroid
7
Tolerance Crit
1e-06
8
Max Num Iters
100
9
Convergence Iters
6
10 Bootstrapping
FALSE
11 Bootstrap samples
NULL
---------------------------------------------------------BLOCKS DEFINITION
Block
Type
Size
Mode
1
Governance
Exogenous
2
A
2
Sponsorship
Exogenous
2
A
3
Maturity
Exogenous
2
A
4
Success
Endogenous
2
A
---------------------------------------------------------BLOCKS UNIDIMENSIONALITY
Mode MVs
C.alpha DG.rho eig.1st eig.2nd
Governance
A
2 0.000238
0.667
1.00
1.000
Sponsorship
A
2 0.005530
0.668
1.00
0.997
Maturity
A
2 0.192509
0.712
1.11
0.893
Success
A
2 0.529443
0.810
1.36
0.640
---------------------------------------------------------OUTER MODEL
weight loading communality
Governance
1 License.Category
0.9809
0.9810
0.962273
1 License.Restrictiveness
0.1942
0.1944
0.037772
Sponsorship
2 Preferred.Support.Type
0.9999 -0.9998
0.999665
2 Preferred.Support.Resource -0.0183
0.0155
0.000241
Maturity

redundancy
0.000
0.000
0.000
0.000
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3 Project.Age
3 Project.Stage
Success
4 Development.Team.Size
4 User.Community.Size

0.9236
0.2975

0.9552
0.3959

0.912501
0.156705

0.000
0.000

0.4185
0.7699

0.6957
0.9206

0.484040
0.847537

0.199
0.348

---------------------------------------------------------CROSSLOADINGS
Governance Sponsorship Maturity
Governance
1 License.Category
0.980955
-0.02365
0.03170
1 License.Restrictiveness
0.194350
-0.01340 -0.01755
Sponsorship
2 Preferred.Support.Type
0.025819
-0.99983
0.04291
2 Preferred.Support.Resource
0.000691
0.01553
0.00185
Maturity
3 Project.Age
0.014609
-0.00247
0.95525
3 Project.Stage
0.047722
-0.13645
0.39586
Success
4 Development.Team.Size
0.052827
-0.13757
0.24454
4 User.Community.Size
0.018116
-0.09414
0.68826

Success
0.03537
0.00700
0.13003
-0.00238
0.62023
0.19979
0.69573
0.92062

---------------------------------------------------------INNER MODEL
$Success
Estimate
Std. Error
t value
Pr(>|t|)
Intercept
-6.98e-15
0.00261
-2.67e-12
1.00e+00
Governance
1.60e-02
0.00261
6.13e+00
8.64e-10
Sponsorship
-1.03e-01
0.00262
-3.93e+01
0.00e+00
Maturity
6.27e-01
0.00262
2.40e+02
0.00e+00
---------------------------------------------------------CORRELATIONS BETWEEN LVs
Governance Sponsorship Maturity Success
Governance
1.0000
-0.0258
0.0277
0.0361
Sponsorship
-0.0258
1.0000
-0.0429 -0.1301
Maturity
0.0277
-0.0429
1.0000
0.6323
Success
0.0361
-0.1301
0.6323
1.0000
---------------------------------------------------------SUMMARY INNER MODEL
Type
R2 Block_Communality Mean_Redundancy
Governance
Exogenous 0.000
0.500
0.000
Sponsorship
Exogenous 0.000
0.500
0.000
Maturity
Exogenous 0.000
0.535
0.000
Success
Endogenous 0.411
0.666
0.273

AVE
0.500
0.500
0.535
0.666

---------------------------------------------------------GOODNESS-OF-FIT
[1] 0.4753
---------------------------------------------------------TOTAL EFFECTS
relationships direct indirect
total
1 Governance -> Sponsorship
0.000
0
0.000
2
Governance -> Maturity
0.000
0
0.000
3
Governance -> Success
0.016
0
0.016
4
Sponsorship -> Maturity
0.000
0
0.000
5
Sponsorship -> Success -0.103
0 -0.103
6
Maturity -> Success
0.627
0
0.627
name
block weight loading communality redundancy
1
License.Category Governance 0.981
0.981
0.96227
0.00
2
License.Restrictiveness Governance 0.194
0.194
0.03777
0.00
3
Preferred.Support.Type Sponsorship 1.000 -1.000
0.99966
0.00
4 Preferred.Support.Resource Sponsorship -0.018
0.016
0.00024
0.00
5
Project.Age
Maturity 0.924
0.955
0.91250
0.00
6
Project.Stage
Maturity 0.297
0.396
0.15671
0.00
7
Development.Team.Size
Success 0.419
0.696
0.48404
0.20
8
User.Community.Size
Success 0.770
0.921
0.84754
0.35
Mode MVs
C.alpha
DG.rho eig.1st
eig.2nd
Governance
A
2 0.0002378813 0.6667195 1.000119 0.9998810
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Sponsorship
Maturity
Success
$Success

A
A
A

2 0.0055304613 0.6678979 1.002773 0.9972271
2 0.1925090103 0.7123798 1.106506 0.8934938
2 0.5294432303 0.8095341 1.360029 0.6399709

Estimate Std. Error t value Pr(>|t|)
Intercept
-7.0e-15
0.0026 -2.7e-12 1.0e+00
Governance
1.6e-02
0.0026 6.1e+00 8.6e-10
Sponsorship -1.0e-01
0.0026 -3.9e+01 0.0e+00
Maturity
6.3e-01
0.0026 2.4e+02 0.0e+00
Governance Sponsorship Maturity Success
0.000
0.0
0.00
0
0.000
0.0
0.00
0
0.000
0.0
0.00
0
0.016
-0.1
0.63
0
Type
R2 Block_Communality Mean_Redundancy
Governance
Exogenous 0.00
0.50
0.00
Sponsorship Exogenous 0.00
0.50
0.00
Maturity
Exogenous 0.00
0.53
0.00
Success
Endogenous 0.41
0.67
0.27
R2
Governance 0.00
Sponsorship 0.00
Maturity
0.00
Success
0.41
[1] 0.48
relationships direct indirect total
1 Governance -> Sponsorship 0.000
0 0.000
2
Governance -> Maturity 0.000
0 0.000
3
Governance -> Success 0.016
0 0.016
4
Sponsorship -> Maturity 0.000
0 0.000
5
Sponsorship -> Success -0.103
0 -0.103
6
Maturity -> Success 0.627
0 0.627
direct indirect total
Governance -> Success
0.016
0 0.016
Sponsorship -> Success -0.103
0 -0.103
Maturity -> Success
0.627
0 0.627
Scale for 'fill' is already present. Adding another scale for
the existing scale.
Governance
Sponsorship
Maturity
Success

*** Building model "mediation"...
*** Running PLS-PM analysis...
*** SEM-PLS analysis results:
PARTIAL LEAST SQUARES PATH MODELING (PLS-PM)
---------------------------------------------------------MODEL SPECIFICATION
1
Number of Cases
86364
2
Latent Variables
4
3
Manifest Variables
8
4
Scale of Data
Standardized Data
5
Non-Metric PLS
FALSE
6
Weighting Scheme
centroid
7
Tolerance Crit
1e-06
8
Max Num Iters
100
9
Convergence Iters
5
10 Bootstrapping
FALSE
11 Bootstrap samples
NULL
---------------------------------------------------------BLOCKS DEFINITION
Block
Type
Size
Mode
1
Governance
Exogenous
2
A
2
Sponsorship
Endogenous
2
A
3
Maturity
Exogenous
2
A

AVE
0.50
0.50
0.53
0.67

'fill', which will replace
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4

Success

Endogenous

2

A

---------------------------------------------------------BLOCKS UNIDIMENSIONALITY
Mode MVs
C.alpha DG.rho eig.1st eig.2nd
Governance
A
2 0.000238
0.667
1.00
1.000
Sponsorship
A
2 0.005530
0.668
1.00
0.997
Maturity
A
2 0.192509
0.712
1.11
0.893
Success
A
2 0.529443
0.810
1.36
0.640
---------------------------------------------------------OUTER MODEL
weight
loading communality
Governance
1 License.Category
0.9424
0.94248
8.88e-01
1 License.Restrictiveness
0.3342
0.33436
1.12e-01
Sponsorship
2 Preferred.Support.Type
1.0000 -0.99994
1.00e+00
2 Preferred.Support.Resource -0.0111
0.00831
6.91e-05
Maturity
3 Project.Age
0.9235
0.95521
9.12e-01
3 Project.Stage
0.2976
0.39598
1.57e-01
Success
4 Development.Team.Size
0.4252
0.70058
4.91e-01
4 User.Community.Size
0.7649
0.91795
8.43e-01

redundancy

---------------------------------------------------------CROSSLOADINGS
Governance Sponsorship Maturity
Governance
1 License.Category
0.942485
-0.02366
0.03171
1 License.Restrictiveness
0.334361
-0.01340 -0.01755
Sponsorship
2 Preferred.Support.Type
0.026784
-0.99994
0.04293
2 Preferred.Support.Resource
0.000658
0.00831
0.00185
Maturity
3 Project.Age
0.010836
-0.00250
0.95521
3 Project.Stage
0.047071
-0.13640
0.39598
Success
4 Development.Team.Size
0.060350
-0.13756
0.24454
4 User.Community.Size
0.013531
-0.09414
0.68825

0.00e+00
0.00e+00
7.17e-04
4.96e-08
0.00e+00
0.00e+00
2.00e-01
3.44e-01

Success
0.03553
0.00757
0.13047
-0.00240
0.61838
0.19929
0.70058
0.91795

---------------------------------------------------------INNER MODEL
$Sponsorship
Estimate
Std. Error
t value
Pr(>|t|)
Intercept
-6.40e-14
0.0034
-1.88e-11
1.00e+00
Governance
-2.68e-02
0.0034
-7.87e+00
3.54e-15
$Success
Intercept
Governance
Sponsorship
Maturity

Estimate
-5.92e-15
1.82e-02
-1.03e-01
6.26e-01

Std. Error
0.00262
0.00262
0.00262
0.00262

t value
-2.26e-12
6.96e+00
-3.94e+01
2.39e+02

Pr(>|t|)
1.00e+00
3.45e-12
0.00e+00
0.00e+00

---------------------------------------------------------CORRELATIONS BETWEEN LVs
Governance Sponsorship Maturity Success
Governance
1.0000
-0.0268
0.0240
0.036
Sponsorship
-0.0268
1.0000
-0.0429
-0.131
Maturity
0.0240
-0.0429
1.0000
0.630
Success
0.0360
-0.1305
0.6304
1.000
---------------------------------------------------------SUMMARY INNER MODEL
Type
R2 Block_Communality Mean_Redundancy
Governance
Exogenous 0.000000
0.500
0.000000
Sponsorship Endogenous 0.000717
0.500
0.000358
Maturity
Exogenous 0.000000
0.535
0.000000
Success
Endogenous 0.408452
0.667
0.272325

AVE
0.500
0.500
0.535
0.667
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---------------------------------------------------------GOODNESS-OF-FIT
[1] 0.3355
---------------------------------------------------------TOTAL EFFECTS
relationships
direct indirect
total
1 Governance -> Sponsorship -0.0268
0.00000 -0.0268
2
Governance -> Maturity
0.0000
0.00000
0.0000
3
Governance -> Success
0.0182
0.00276
0.0210
4
Sponsorship -> Maturity
0.0000
0.00000
0.0000
5
Sponsorship -> Success -0.1032
0.00000 -0.1032
6
Maturity -> Success
0.6255
0.00000
0.6255
name
block weight loading communality redundancy
1
License.Category Governance 0.942 0.9425
8.9e-01
0.0e+00
2
License.Restrictiveness Governance 0.334 0.3344
1.1e-01
0.0e+00
3
Preferred.Support.Type Sponsorship 1.000 -0.9999
1.0e+00
7.2e-04
4 Preferred.Support.Resource Sponsorship -0.011 0.0083
6.9e-05
5.0e-08
5
Project.Age
Maturity 0.924 0.9552
9.1e-01
0.0e+00
6
Project.Stage
Maturity 0.298 0.3960
1.6e-01
0.0e+00
7
Development.Team.Size
Success 0.425 0.7006
4.9e-01
2.0e-01
8
User.Community.Size
Success 0.765 0.9179
8.4e-01
3.4e-01
Mode MVs
C.alpha
DG.rho eig.1st
eig.2nd
Governance
A
2 0.0002378813 0.6667195 1.000119 0.9998810
Sponsorship
A
2 0.0055304613 0.6678979 1.002773 0.9972271
Maturity
A
2 0.1925090103 0.7123798 1.106506 0.8934938
Success
A
2 0.5294432303 0.8095341 1.360029 0.6399709
$Sponsorship
Estimate Std. Error t value Pr(>|t|)
Intercept -6.4e-14
0.0034 -1.9e-11 1.0e+00
Governance -2.7e-02
0.0034 -7.9e+00 3.5e-15
$Success
Estimate Std. Error t value Pr(>|t|)
Intercept
-5.9e-15
0.0026 -2.3e-12 1.0e+00
Governance
1.8e-02
0.0026 7.0e+00 3.4e-12
Sponsorship -1.0e-01
0.0026 -3.9e+01 0.0e+00
Maturity
6.3e-01
0.0026 2.4e+02 0.0e+00
Governance Sponsorship Maturity Success
0.000
0.0
0.00
0
-0.027
0.0
0.00
0
0.000
0.0
0.00
0
0.018
-0.1
0.63
0
Type
R2 Block_Communality Mean_Redundancy AVE
Governance
Exogenous 0.00000
0.50
0.00000 0.50
Sponsorship Endogenous 0.00072
0.50
0.00036 0.50
Maturity
Exogenous 0.00000
0.53
0.00000 0.53
Success
Endogenous 0.40845
0.67
0.27232 0.67
R2
Governance 0.00000
Sponsorship 0.00072
Maturity
0.00000
Success
0.40845
[1] 0.34
relationships direct indirect total
1 Governance -> Sponsorship -0.027
0.0000 -0.027
2
Governance -> Maturity 0.000
0.0000 0.000
3
Governance -> Success 0.018
0.0028 0.021
4
Sponsorship -> Maturity 0.000
0.0000 0.000
5
Sponsorship -> Success -0.103
0.0000 -0.103
6
Maturity -> Success 0.626
0.0000 0.626
direct indirect total
Governance -> Sponsorship -0.027
0.0000 -0.027
Governance -> Success
0.018
0.0028 0.021
Sponsorship -> Success
-0.103
0.0000 -0.103
Maturity -> Success
0.626
0.0000 0.626
Scale for 'fill' is already present. Adding another scale for 'fill', which will replace
the existing scale.
Governance
Sponsorship
Maturity
Success
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*** Building model "moderation"...
*** Running PLS-PM analysis...
*** SEM-PLS analysis results:
PARTIAL LEAST SQUARES PATH MODELING (PLS-PM)
---------------------------------------------------------MODEL SPECIFICATION
1
Number of Cases
86364
2
Latent Variables
6
3
Manifest Variables
16
4
Scale of Data
Standardized Data
5
Non-Metric PLS
FALSE
6
Weighting Scheme
centroid
7
Tolerance Crit
1e-06
8
Max Num Iters
100
9
Convergence Iters
6
10 Bootstrapping
FALSE
11 Bootstrap samples
NULL
---------------------------------------------------------BLOCKS DEFINITION
Block
Type
Size
Mode
1
Governance
Exogenous
2
A
2
Sponsorship
Exogenous
2
A
3
MaturityGov
Exogenous
4
A
4
MaturitySpon
Exogenous
4
A
5
Maturity
Exogenous
2
A
6
Success
Endogenous
2
A
---------------------------------------------------------BLOCKS UNIDIMENSIONALITY
Mode MVs
C.alpha DG.rho eig.1st eig.2nd
Governance
A
2 0.000238
0.667
1.00
1.000
Sponsorship
A
2 0.005530
0.668
1.00
0.997
MaturityGov
A
4 0.629751
0.783
1.99
1.194
MaturitySpon
A
4 0.444073
0.695
1.59
0.976
Maturity
A
2 0.192509
0.712
1.11
0.893
Success
A
2 0.529443
0.810
1.36
0.640
---------------------------------------------------------OUTER MODEL
weight loading communality
Governance
1 License.Category
0.9911
0.9911
0.982288
1 License.Restrictiveness
0.1331
0.1332
0.017743
Sponsorship
2 Preferred.Support.Type
0.9999 -0.9998
0.999679
2 Preferred.Support.Resource -0.0179
0.0151
0.000229
MaturityGov
3 PrjAgeLicCat
0.6007
0.7606
0.578579
3 PrjAgeLicRestr
0.1812
0.4110
0.168958
3 PrjStageLicCat
0.3806
0.7631
0.582347
3 PrjStageLicRestr
0.2702
0.6592
0.434503
MaturitySpon
4 PrjAgeLicCat
0.3382
0.6911
0.477650
4 PrjAgeLicRestr
0.1020
0.2122
0.045047
4 PrjAgeSuppType
0.2758
0.4603
0.211905
4 PrjAgeSuppRes
0.6808
0.9072
0.823009
Maturity
5 Project.Age
0.9238
0.9554
0.912799
5 Project.Stage
0.2970
0.3954
0.156321
Success
6 Development.Team.Size
0.3908
0.6754
0.456113
6 User.Community.Size
0.7905
0.9312
0.867099

redundancy
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.194
0.368
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---------------------------------------------------------CROSSLOADINGS
Governance Sponsorship MaturityGov
Governance
1 License.Category
0.991104
-0.02365
0.67806
1 License.Restrictiveness
0.133204
-0.01340
0.36264
Sponsorship
2 Preferred.Support.Type
0.025240
-0.99984
0.09282
2 Preferred.Support.Resource
0.000701
0.01513
-0.00224
MaturityGov
3 PrjAgeLicCat
0.882570
-0.02078
0.76064
3 PrjAgeLicRestr
0.134186
-0.01315
0.41104
3 PrjStageLicCat
0.348495
-0.13391
0.76312
3 PrjStageLicRestr
0.122623
-0.10000
0.65917
MaturitySpon
4 PrjAgeLicCat
0.882570
-0.02078
0.76064
4 PrjAgeLicRestr
0.134186
-0.01315
0.41104
4 PrjAgeSuppType
0.026684
-0.97574
0.16209
4 PrjAgeSuppRes
0.016141
-0.00200
0.35455
Maturity
5 Project.Age
0.016129
-0.00247
0.35484
5 Project.Stage
0.047693
-0.13645
0.58998
Success
6 Development.Team.Size
0.049269
-0.13757
0.16898
6 User.Community.Size
0.019961
-0.09414
0.31770
Maturity
Success
Governance
1 License.Category
0.03168
0.03472
1 License.Restrictiveness
-0.01756
0.00465
Sponsorship
2 Preferred.Support.Type
0.04284
0.12815
2 Preferred.Support.Resource
0.00186 -0.00229
MaturityGov
3 PrjAgeLicCat
0.45469
0.31154
3 PrjAgeLicRestr
0.11718
0.09396
3 PrjStageLicCat
0.37413
0.19739
3 PrjStageLicRestr
0.24509
0.14013
MaturitySpon
4 PrjAgeLicCat
0.45469
0.31154
4 PrjAgeLicRestr
0.11718
0.09396
4 PrjAgeSuppType
0.23814
0.25406
4 PrjAgeSuppRes
0.95486
0.62711
Maturity
5 Project.Age
0.95541
0.62757
5 Project.Stage
0.39537
0.20176
Success
6 Development.Team.Size
0.24455
0.67536
6 User.Community.Size
0.68829
0.93118

MaturitySpon
0.3221
0.0850
0.2794
0.0263
0.6911
0.2122
0.2343
0.1571
0.6911
0.2122
0.4603
0.9072
0.9070
0.1471
0.2699
0.6407

---------------------------------------------------------INNER MODEL
$Success
Estimate
Std. Error
t value
Pr(>|t|)
Intercept
2.90e-15
0.00258
1.12e-12
1.00e+00
Governance
-6.98e-02
0.00804
-8.68e+00
4.09e-18
Sponsorship
-3.78e-02
0.00404
-9.36e+00
8.08e-21
MaturityGov
5.48e-03
0.00674
8.12e-01
4.17e-01
MaturitySpon
2.67e-01
0.01219
2.19e+01
6.16e-106
Maturity
4.02e-01
0.01307
3.08e+01
1.46e-206
---------------------------------------------------------CORRELATIONS BETWEEN LVs
Governance Sponsorship MaturityGov MaturitySpon
Governance
1.0000
-0.0252
0.7203
0.331
Sponsorship
-0.0252
1.0000
-0.0929
-0.279
MaturityGov
0.7203
-0.0929
1.0000
0.585
MaturitySpon
0.3305
-0.2789
0.5853
1.000
Maturity
0.0291
-0.0428
0.5030
0.881
Success
0.0350
-0.1282
0.3172
0.612
----------------------------------------------------------

Maturity
0.0291
-0.0428
0.5030
0.8815
1.0000
0.6397

Success
0.035
-0.128
0.317
0.612
0.640
1.000
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SUMMARY INNER MODEL
Governance
Sponsorship
MaturityGov
MaturitySpon
Maturity
Success

Type
Exogenous
Exogenous
Exogenous
Exogenous
Exogenous
Endogenous

R2
0.000
0.000
0.000
0.000
0.000
0.425

Block_Communality
0.500
0.500
0.441
0.389
0.535
0.662

Mean_Redundancy
0.000
0.000
0.000
0.000
0.000
0.281

AVE
0.500
0.500
0.441
0.389
0.535
0.662

---------------------------------------------------------GOODNESS-OF-FIT
[1] 0.4525
---------------------------------------------------------TOTAL EFFECTS
relationships
direct indirect
total
1
Governance -> Sponsorship
0.00000
0
0.00000
2
Governance -> MaturityGov
0.00000
0
0.00000
3
Governance -> MaturitySpon
0.00000
0
0.00000
4
Governance -> Maturity
0.00000
0
0.00000
5
Governance -> Success -0.06975
0 -0.06975
6
Sponsorship -> MaturityGov
0.00000
0
0.00000
7
Sponsorship -> MaturitySpon
0.00000
0
0.00000
8
Sponsorship -> Maturity
0.00000
0
0.00000
9
Sponsorship -> Success -0.03780
0 -0.03780
10 MaturityGov -> MaturitySpon
0.00000
0
0.00000
11
MaturityGov -> Maturity
0.00000
0
0.00000
12
MaturityGov -> Success
0.00548
0
0.00548
13
MaturitySpon -> Maturity
0.00000
0
0.00000
14
MaturitySpon -> Success
0.26683
0
0.26683
15
Maturity -> Success
0.40210
0
0.40210
name
block weight loading communality redundancy
1
License.Category
Governance 0.991
0.991
0.98229
0.00
2
License.Restrictiveness
Governance 0.133
0.133
0.01774
0.00
3
Preferred.Support.Type Sponsorship 1.000 -1.000
0.99968
0.00
4 Preferred.Support.Resource Sponsorship -0.018
0.015
0.00023
0.00
5
PrjAgeLicCat MaturityGov 0.601
0.761
0.57858
0.00
6
PrjAgeLicRestr MaturityGov 0.181
0.411
0.16896
0.00
7
PrjStageLicCat MaturityGov 0.381
0.763
0.58235
0.00
8
PrjStageLicRestr MaturityGov 0.270
0.659
0.43450
0.00
9
PrjAgeLicCat MaturitySpon 0.338
0.691
0.47765
0.00
10
PrjAgeLicRestr MaturitySpon 0.102
0.212
0.04505
0.00
11
PrjAgeSuppType MaturitySpon 0.276
0.460
0.21190
0.00
12
PrjAgeSuppRes MaturitySpon 0.681
0.907
0.82301
0.00
13
Project.Age
Maturity 0.924
0.955
0.91280
0.00
14
Project.Stage
Maturity 0.297
0.395
0.15632
0.00
15
Development.Team.Size
Success 0.391
0.675
0.45611
0.19
16
User.Community.Size
Success 0.790
0.931
0.86710
0.37
Mode MVs
C.alpha
DG.rho eig.1st
eig.2nd
Governance
A
2 0.0002378813 0.6667195 1.000119 0.9998810
Sponsorship
A
2 0.0055304613 0.6678979 1.002773 0.9972271
MaturityGov
A
4 0.6297513997 0.7832627 1.993675 1.1941034
MaturitySpon
A
4 0.4440734052 0.6952592 1.586557 0.9759255
Maturity
A
2 0.1925090103 0.7123798 1.106506 0.8934938
Success
A
2 0.5294432303 0.8095341 1.360029 0.6399709
$Success
Estimate Std. Error t value Pr(>|t|)
Intercept
2.9e-15
0.0026 1.1e-12 1.0e+00
Governance
-7.0e-02
0.0080 -8.7e+00 4.1e-18
Sponsorship -3.8e-02
0.0040 -9.4e+00 8.1e-21
MaturityGov
5.5e-03
0.0067 8.1e-01 4.2e-01
MaturitySpon 2.7e-01
0.0122 2.2e+01 6.2e-106
Maturity
4.0e-01
0.0131 3.1e+01 1.5e-206
Governance
Sponsorship
MaturityGov
MaturitySpon
Maturity
Success

Governance Sponsorship MaturityGov MaturitySpon Maturity Success
0.00
0.000
0.0000
0.00
0.0
0
0.00
0.000
0.0000
0.00
0.0
0
0.00
0.000
0.0000
0.00
0.0
0
0.00
0.000
0.0000
0.00
0.0
0
0.00
0.000
0.0000
0.00
0.0
0
-0.07
-0.038
0.0055
0.27
0.4
0
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Type
R2 Block_Communality Mean_Redundancy AVE
Governance
Exogenous 0.00
0.50
0.00 0.50
Sponsorship
Exogenous 0.00
0.50
0.00 0.50
MaturityGov
Exogenous 0.00
0.44
0.00 0.44
MaturitySpon Exogenous 0.00
0.39
0.00 0.39
Maturity
Exogenous 0.00
0.53
0.00 0.53
Success
Endogenous 0.42
0.66
0.28 0.66
R2
Governance
0.00
Sponsorship 0.00
MaturityGov 0.00
MaturitySpon 0.00
Maturity
0.00
Success
0.42
[1] 0.45
relationships direct indirect
total
1
Governance -> Sponsorship 0.0000
0 0.0000
2
Governance -> MaturityGov 0.0000
0 0.0000
3
Governance -> MaturitySpon 0.0000
0 0.0000
4
Governance -> Maturity 0.0000
0 0.0000
5
Governance -> Success -0.0698
0 -0.0698
6
Sponsorship -> MaturityGov 0.0000
0 0.0000
7 Sponsorship -> MaturitySpon 0.0000
0 0.0000
8
Sponsorship -> Maturity 0.0000
0 0.0000
9
Sponsorship -> Success -0.0378
0 -0.0378
10 MaturityGov -> MaturitySpon 0.0000
0 0.0000
11
MaturityGov -> Maturity 0.0000
0 0.0000
12
MaturityGov -> Success 0.0055
0 0.0055
13
MaturitySpon -> Maturity 0.0000
0 0.0000
14
MaturitySpon -> Success 0.2668
0 0.2668
15
Maturity -> Success 0.4021
0 0.4021
direct indirect
total
Governance -> Success
-0.0698
0 -0.0698
Sponsorship -> Success -0.0378
0 -0.0378
MaturityGov -> Success
0.0055
0 0.0055
MaturitySpon -> Success 0.2668
0 0.2668
Maturity -> Success
0.4021
0 0.4021
Scale for 'fill' is already present. Adding another scale for 'fill', which will replace
the existing scale.
===== SEM-PLS analysis completed, results are in directory "~/diss-floss/results/sem"
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Appendix G
Resources – Software Tools Used
Table 18. Core General and Statistical Software
Software

Functionality

Citation

MS Office Professional

General research aid (creation and
editing of documents, diagrams, etc.)

N/A

Mendeley

Bibliography management

Mendeley Ltd., 2014

R Project

Statistics software

R Core Team, 2014

Table 19. R Packages (Specialized Statistical and Other Software Libraries)
Package

Functional Area

Citation

Amelia

Missing data

Honaker, King & Blackwell (2011)

BaylorEdPsych

Distribution normality

Beaujean (2012)

data.table

Data manipulation

Dowle, Short, Lianoglou & Srinivasan
(2014)

deducorrect

Data cleaning

van der Loo, M., & de Jonge, E., &
Scholtus, S. (2014)

dplyr

Data manipulation

Wickham & Francois (2014)

editrules

Data cleaning

de Jonge & van der Loo (2013)

GGally

Graphics

Schloerke, Crowley, Cook, Hofmann,
Wickham, Briatte, … Thoen (2014)

ggplot2

Graphics

Wickham (2009)

GPArotation

EFA

Bernaards & Jennrich (2005)

gridExtra

Graphics

Auguie (2012)

gsubfn

Utilities

Grothendieck (2014)

Hmisc

Utilities

Harrell Jr. (2014)

jsonlite

JSON data manipulation

Ooms, Temple Lang & Hilaiel (2014)

lavaan

SEM

Rosseel (2012)

MASS

Distribution fitting

Venables & Ripley (2002)
(Table 19 continues)
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(Table 19 \* MERGEFORMAT |Table 19} continued)
Package

Functionality

Citation

mclust

Clustering

Fraley & Raftery (2002); Fraley, Raftery,
Murphy & Scrucca (2012)

mice

Missing data

van Buuren & Groothuis-Oudshoorn (2011)

MissMech

Missing data

Jamshidian, Jalal & Jansen (2014)

mixtools

Mixture distributions

Benaglia, Chauveau, Hunter & Young
(2009)

MVN

Distribution normality

Korkmaz & Goksuluk (2014)

mvnmle

Distribution normality

Gross (2012)

pander

Reproducible research

Daróczi (2014)

parallel

Multiprocessing

R Core Team (2014)

pcaPA

EFA

Arias & Cervantes (2013)

plspm

SEM

Sanchez, Trinchera & Russolillo (2013)

plyr

Data manipulation

Wickham (2011)

polycor

Correlations

Fox (2010)

psych

Psychometrics

Revelle (2014)

qgraph

Graphics

Epskamp, Cramer, Waldorp, Schmittmann
& Borsboom (2012)

RColorBrewer

Graphics

Neuwirth (2011)

RCurl

Internet protocols

Temple Lang (2014)

reshape

Data manipulation

Wickham (2007)

scales

Graphics

Wickham (2014)

semPlot

Graphics, FA / SEM

Epskamp (2014)

semutils

SEM

Wiley (2014)

stringr

Text manipulation

Wickham (2012)

tables

LaTeX tables support

Murdoch (2014)

tcltk

GUI

R Core Team (2014)

XML

Internet protocols

Temple Lang (2013)

xtable

Reports, tables

Dahl (2014)
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